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CRYOPRKSER> AT10N COMPUsri U)\S AM) MF 1 HODS FOE 
PERIPHERAL BLOOD r.YMPIlOCVTES 

The ujventiofR wij? made st least m part a ^rsni fmm ihe 
Govenmim of the tnh«d States of America (grant POJ *{iD32652 from the 
Kauonal I r.stitutes of Health) The Govemmeut mAy }m e certain nghtit to the 
invention. 

Lymphocvics n.>\. ncc.^ .-ukikv. c^^-l-(SI\i^I\ for the irt-aimentof soitd 
t«morRai3d vira! mfcction^, a-^ <u) 3djtt\,yu lo bone i>urro%\ irausplantatiop, and 
for the tieatracm of g^siictjc diseases. For exao>pk, cariy mimunotberapy studks 
for the tif atmem of Bjekfionia and renal cell caminoma fbcutsed oa lyinphokme- 
activaied killer (LAK) cells or tumor infiltrating lymphocytes (TtU) 
(Ros«3iherg, 19B5; Roseaberg, Rosenberg, 1S^88), cytotoxic T lymphocytes 
have l^en used for the tre^tmesntof AIDS (Kosnig, W5: Totpey, 1993; Iricketi 
!<>98), aiKl donor lyriiphocMc inf^istons are used after allogeneic bone marrow 
transpUnt to cniuifuc vtss. , o,'\i ju<^ crfoc i <^r,l io iCtHux- {he fXMcutial for 
reiaps^ikolb IW) !-ur;ao'r-a> . . c-u-uo^s' > ^ut tkd |Knr>ha<')! blood 
Hmphoc>Te;s (.PFiLs'i lun . ^ctr u ^cJ su c stiu aS *' to; {fk' tu%umcnc ui s.^ crt, 
coinbmed immune deSki^ucy cdu^ea t>\ adcnositK deanimase ^ADA) a^jficieney 
{Blaese, 1995). and a variety of other iymphocyte-foased therapies have been 
prs^OJjeil mcluding transdacing lymphocytes with the herpes simplex vints 
{HSV) thymidine kmase <TK) suicide gene for allogeneic bo«e marrow 
transplantation (Borjinl 1997) and the introduction of cytotoxic T lymphocytes 
^CTL^s) that recognjxe specific melatioma! antigens (iCawakami, I^siS). 

CryopreservatJOft of cells that have been expanded and inai>jpulaied ex 
nvp is imporiaot fot the clinical application of cell-bssed therapies. 
Cf^onrt-cwJAwn fas. ilitales pooling of cells fo reach a theriptu'io do.st.\ and 

b<Mot\ u-snm ol both the cell psoduct and am rjgont^, ^ik h a-^ 
! vcn^ijn.i-i; \;rai tct'i!.^ ot bpoNOiiial dt-ln er>' \ c hick--, usi.-! eoff^h(.ab\ 
[iwd!t\ tiK ccd.s. Ftsrlhemioie. a^v the gcnettc inodiucation and or L-vp^jntior >ai 



V^O 01/45303 Prr/US0»/437ii> 
ceils lot thorapoL'tK iiisc uui\ tcquuo days to vvetmsiar completion of the v»<> 
cumire protoojl crvoprej^enatjan facjhtafes the coordioattoft of celiulaf th«fap5 

lUi do"iO{ care 

Iii Uiv, irwilKW KKivl cormiKn{i\ used ror the rrvopresti\atto:i of bone 
:> tuarrovt, peupheial blood Kmphocuss {PBLs) tesuspended in a 
cryopreservaUQa medium couJaiiiing 10% dtmethylsuiftuide (,DMSO), 
aalologous plasma and HajiX's Mdnced sah ^ioMioii (Rowiey, i*)<^4; Trickett 
I99S) and cooleJ at PC/mmttte. A second method mvoives ireezmg 
lymphomes m a 20% glycerol solution stippkwealeU WrSx autdlogous serimi 

1 u (Axcmar* 1 ^ resuUmg \n nicr«ra&ed c^jll vsabihtv over the standard DMSO 
puiocuj C-Ht-croi '\5se<K"toprc--Vv - ^ ■> j ,> ■^ h.ne ako Deen leport' d j m 
henutopofelK ptOi;enitoroc!K ((. S v.?'\e ~ "'04), iiuwevti ^>\ceroi 
has \ov er pernkvbihiv \\hk"h mctcaocs Uk di<i»Kc Uit CvM' los- inm-i osniotjc 
stresses Although OL\^'t a A (WO 3547 ^) relate to <3 combia<Uion of 

1 5 arabiiiog^laei3i5 aiid ceil cttltiire media as usetul as a crj-^preservattdft medium, 
the data obtained ftom cell lines, not piimaTy celb. 

DMSO cryopres«rvatJo» involves the n?k of DMisO-^ocjated toxicity, 
partkuiariy wheie ceil tjansfer therapy ts mvolved. For example, Zambelli et al 
(1 evaluated the iafusioft-related toxichy of transplanted cryopreservcd cells 

20 and det^Ttitned that tlie amoujit of DMSO present m the graft js rekted to the 
ade of toxicity Davis et al ( 1 990) found that almost all palieius wlio received 
crvwrescr\ea Autologous c?li grafts c\:1ubited dyspnea {i51%K decreased heart 
utcs V^i<\) md imm^ni h\penef!3Ton nhich weje auubuted to (he 

ijuuston o! L)\tSO Oiigituc xcn,u iaUa.e aJid ^'.^.c!ld de^rrec atari huKk A^re 

25 L.->s rr(.oro,.tK '■^'-» > n r^\-.!.iKs vert, ohb^nat in a <;Uids b> Snonc^kci 
a! fH'?)} uiit ' M -.u"-t-r..5\\i rCiKlioas pt<iKip.t!i> naui.ca dnd 

cbi'it,, wcie i-^si'v, .ikt ! a iraiiisplamatiori of c^opreset^ed bonemaiTO%. 
\iorc.Her, in pedu^'ta- patients, higher levels of nausea, vomiting, cardiac 
<irrh^i^imt,i ..rJ h\potensian arc noted foUowmg transplant of cryopreserved 

3U bone ma^iovx (OUunoto, 1993) Since most 1>ttiphocyietherapiics require the 
infusion of i«u!tiple doses* of ceih oi a regular basis, the loxie effecti. of DMSO 
esnM cumulative. 
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£hc development ot apptopn \ - ^ ; <^ oniy i^siio ir 

developmetit of ciyopre!»tTvatto'< .\o. -r nip;H>o'!o<^ wh'cn tixc utcO 
theiapfuhcaily Recenl studis;? mtiscate lhat m vnw cuiUire iiiflijein.cs the 
'Kv 'tt?v; r!:.s.poJ!i5c oi cells for cxanipie* saidfcs of w xwo cultured 
5 hcnuiopoieuc progcmtor cells md iymphocyles indicates tlsai water tmnspori 
md intracellular ice formation characteristics of tbe cells is miluenccd by ni van? 
culiuie <Habel, 1909). Specifically, subzero watct' tiatisport efcaractensttcs of the 
cells and postthaw vjability wer« mHuenced by time in caltare. 



\ 0 a«a useftjl for achieving the desired % jtabiluy rates for cryopresorvation ofcelis 
for cellular tlierapy. 



hcmaiopujetio celK \\h\ch nK'^pomt-s a balanced ck-ctioKu so'-u'toi, wnh at 
15 kasi one ctN'oprutcctisv.' ,2gent thai i& atabsrogalactan (Aii), m a biological &r 
functional cq«jvaletit Uwreof , The cryoprotecli\-e agents) is pxesent m Ihe 
cryopfesefvatjoii mediuni m an ajtnoum effective to promois a Mgh survival rate 
for the cryoprsserved cells, Preferably, iht medium does not comprise DMSO or 
B^mm. al^ough puriiied protein, e.g., hmm serum albmain, njay, optionally, 
20 be mcladed In one embodiment of (lie mveitlion, ihe cryopreservation medium 
does not t'omprise protein. In yet atiotiier embodiment of the crs'opn?s?r\'atioti 
nictiium ot the Jsnvemiou, the tntsiiUTn comprises gh ^ctoL ,^ <ibuut \) 5^;<) to 
anout preferably about 0.75% to abotn 1 0"',>, mote prefoiabiy .ihout ] to 
about 6%, and even more pfreierabiy aboiit 1% to about 5%, volume^'voiume 



4a( defined fio-em ' xiltrarefined arabmogalactan" refci-s ui 
arabinogjsjactaii, }sola{ed from a piatu source siuch as fmm trees of the genus 
Lara, preferably with a purity greater than 9S%, The molecular weight of the 
ar^^^jinn^^aijctan in one eiijbo<^m«?nt ranges from about 6,0(K) to 2,5{Ki,000, 
30 pfv f vTabb. (f oni aboul 1 to about 50,000, md more preferably from about 
15.000 lo about J5>0OtX Preferred atnounts of arabinogalaetan are about 1% to 
about 40* B. more prisferably about 5% io abont 35%, atid even more preferably 
about 10"* Jo about 30'* o, weight per voHmie I, As used herein, 



1 htJS, what is needed is* a cryopresers-atioo composition that is non-toKie 




< K^hiioij il^*.* r .WuO'-^ < upctioiwl t^qundlcutthcreor ujciudesa-j 

mo ogadS i>r u U»k ao'^a^ t-qm\Ak'nt theitot uiciudo iUJ^iuiHv cvunsut; ot 
^ o>'3ith?t4c arabmogaiactan, ponions of ^ira1»u^o^ala<.tiin, .si^h as degradation 
jirodticis, and cheiaicaHy (luciudtng tee disclosed ib U-S< Palem Nos 
5,47S.576 and 5,116,94*9, which are incoiporated by refetence Ketan) or 
bis^ciiemJcaUy iTiOdified arabinogalaetati or ponions thsax.-of svhich have h^^-n 
modified mmg methods a^ailablts jti tlie sru which are effective m a somatic eeU 
} cn'oprestTVattOfi irjedf am lo pjxHeci somatic ccli \ u\hilk\ properties upon 
Tiee-m-i and *h<uun!:: at soruaut. tolK jn the jicJiun \ liigls - ^ U j <u 

Iea^ ab<:uto<' ^ a--!. prefvS ..hh ai L.-iM .j'-io.it *^fi" > of cr\opre-,o^-\cd 

cciis arv \ . ib.v^ ^ * ^ Tnc inventjon tnori-loju. pan ick's a means io slort. 

5 aiid 'ispvMt . d s .-^ < (5ul< heniatopotda cel!> such a^. ivmphoc\^c$, or fcta! 
oj neoaaul htmatopoieUc sitfm or pros,en!tor cellSv which peniiib phy&icians and 
patieafs in rural arm or foreign couritncs to b«nci1t 6-08> cdhUar theratsies, and 
provides the opportimiiy to test donor cells for lufectiaus ageati. 

Prefis^d hemattifsoietic cells for cryopresmatton mciudepmpheral 
biooiJ l>'raphocytes, e.g,» feshty isolated iymphoeytcs. activated. e,g„ 
bmlogkallv activated, lymphocyte*., or getieiically inodifrcd lymphocytes, oi 
Mtfni cells, a'thau^rh ihtj trtvopresm'suon medutm of the uneation n3a\ be 
empK>\ed \s tb anv pnman cell or oe)! hne In addilmn 10 ara^iT(Oga.iac^j.n a 
biologu ai I r a niociionai cqun aicnt tlUH^t t <. n pre ^c<r\ ,n,or n-iedusm 

2.^ ptckrabh fuilhei couipriocs. a c 'Ncr^ti ov) c ag,'>rf th.i* ^^ctKt ihc > oli 

niembrane v ^-t , glvo!,rol or pn\-> , „ vOi T! "nedj mas <J-iO roirpn^," a 
ciyoptoieciixc agent other than arabaiOj^aJaclan or bioJogica! oi ,i innv. ,iotia 
i^qu^\aler i thcioui whjch do<,b ool penetrste the cdl membrant 

Thsj in^enuoi! afso teiaiei. to a compo'jitioa suitable for admiiusiraitan to 

30 a hamasL The composition compnscs a suspension of cells, e,g , hematooojetic 
cells, jn a cryopresserv-apon medium compmmg a baliuiced electrolyte solution 

jth at least ooe cryoprotective agent that js ai^bjnogaiaciaii, or s bjojogtcal or a 
fuficiional equivalem thereof Prefmbiy, ti^e compusiti'on conionaes betsveen 



Also emooUicd b\ the picstsiu {fi^t'Uttijn ts 3 «Ktiiod prcscn'utg 
hematopDietic cdU fey contaeujig the celJs \v\ih a cr>"opf«i«?rv8tion medium 
5 compnsjng a balanced electrolyte solution and at feast one cryoproscctu'e agent 
that arabmogaiactan, or a bitslogtcai or a funcuonal equivalet^t liiereof, lo vield 
a cell s«:iperi&iOa, t^'htcii i5 sub&equ«iilly froyen to yield a jrozencell sjspc^n'ijop 
Ft«therpTiDvjJed Ls a fro^en cell conlainmg coropoaition prepared bv UK' abuM. 
sleseribed iseU^osJ. 

figure i depK'b fVTCcnt cei! ccn«.'-\ . i o --r .li^bniv^i^^lacuiti 
( \0) coTiccinraho'-' PBl in 7en r lu < v m Ur.uin conlainmg 
i&covc i ModifcJ IJ>ulir ct o\ Xicdiunj {1\JD\K Smun^j. -^i Louts, MO) 
^K'cefol ' x**',, AG Em>r bart. iudjcate Jh<j standiird dcvtaticn of th§ 
15 ; jueasurejH^iL. 

Figure 2 tllystrates percetu c&JI recovery- as a iimtutm of ht^nan S'&mm 
aibumsn <HSA> concmimu&n for PBLs iTo/.en al In {1 ) 25% AG 

w«h or without 1%HSA, a«d (2) ^5% AG mid 1% glycerol with or without 1% 
H$A, Error bars indicate the standard deviation of t}>e measurement 
20 Fi^ute 3 dypicts p^-ent cell recover)' for PBLs from a normal douor 

crvcpre?ei ved in a soiubnn contaim^g 3 v \% glyccml ~ IS w<V% AG with 
^Mf 5 si (.1 \s-r'!i Ht R as. Umt. >. ' i\ - ^r\'opreservation sotoons fhe ceih 
svere trozm al a cooana rate of 5~i..,'mi;ntue. 

Fsj^urc 4 <;ho\v<; pc cem uxxnt-v lor PBLs. 1k"u oonital Joror-i 
2^ ctvopresenod m soiutioiiscontaimag 15 v\ 'v% AG s v,v»o^i).ccrof - IMDM 
a Cunnuiii of cooima; rate Emir bars indicate the standard deviati«>n of the 
mcmuremetii. 

figure 5 iifestiates percent ccU recoveiy for PBLs fram nomiai donors 
cryoprcscned after 0 and 3 days in culture ustng (J > 10 \'^'% Me,SO, i.'ooling 
3;(;> mie (B t I'^C nnniue. and (2) .i M'v^ii giycen>l 1 5 w, v«;e AG + Normosol-Rf**, 
B 5"C 'nunnte. Error bars indicate the standard deviation of the measuremeat. 



The teiTJis "mi uaible " or "'mfeibie-gr&de" refer to compeiinds, 
cheuiKoK pohitions, coiiipositfon:*, mediums, agents,, prnteins or suspensions 
? ;hai ai c knows to be safe, or ha% tj hc&ix dotcmimed to be ssUe tor human osc, 
e.g., bj' injection or Infusion. m4 have preferably beeii a|>pfoved for human 
infusion or mjscuon by a United Stares regulator ag^cy, e.g., the FDA. 

Tbc tenn ^'balanced electrolyte solution" refer*; to baJanced salt soUmoas 
composed primarily of inorgank saife. Thc\ onntan? n^l atuinrvorohja. agents, 
10 BalaftCKd salt soititiom are used for fluid ckctioh^te icphocn.ont tbetap\ 
%vashing UiShUCs and ^cih. anj a-^ vlihaui"^ foi itcatiri-' ^cUi^ ajul issues tth 
vanotlsagCBts ^\hih tn.xinldnvnj. pinsto.iij <. il p:i jud us'^ionc p essin.^ 
Examples of electro '.M!. txjso suLujoi-K^ ^\u^ '1 >i r\ s' ^ \ ^khk 
bat are not fimufd *o I xLncd Kiuijer^ soIuuok. f Lisma! \ .t-A'*'', Notmosol- 

1 5 Veea-D^^', Pn{\ ^ .ik?? , pUtsnia e\pander<; such as 5\ Dcxiraa 40, IMDM, 

and Hank's Bahmced Salt Solution (fee fixtai phenol red). 

Hie tmt\ ^x-ryopresm-ation medi«nf * refons to a liquid medium (solution 
or suspension), capable of pftfserving structure and metaboUsni of isolated cells 
against mvry associated with frecssmg events either^ within or exterior to the cells 

20 and that is safe for Musiou or injection into humarts. 1 be tenn further refets to a 
medium {solution or suspension) eontaming cnmponents, iiicludnm 
cr,'opreservaf ion agcms. also dticnnjiuxl oi ki s > v i 'ussw 

onnjecuoo Pft-ferahSv !he mc<.'ium (b-uluUiM \ ^^i^^-^i ^ ^ 

tompvMU'nts or citnu-Mts ui ihi, rneoi i'li a..^ anpu'vcd bv a ( n-teo .St^ic- 

-5 rt-guh.torv ,fgeacv hn mfui-K-^i) o) mjocnon into huu.a-iv, e g . h;6.liii!uc 0<) -^iM} 
r.opiofecb^ c .agents" ate agtji t*; that arc capable oi cofticruag a ilet^R-j 
ofcn-oprotcction to cell structure and metatoUsiti upon free/uig, Cryoprtttectivc 
agents 'v\ dhm the scope of the invention include arabinogailacian and biological 
and fnnetional oqmvateots thereof. gl>ccro!, pmpyleae glycol, and aibumm, e.g > 

30 human &en,tm albumm, plssma or serutn. Agents such as 0MSO and TicolU 
hipaque are specifically excluded from bang added to the utfusibfe 
cwpreservatjon medium {solutions or suspetssions) of the present invention. 



Jha lerm '\';tt'«i ccIT ot "ijcrmui-ipuicuc i>i<im cci!'' refers t<-! a popuL'jiif>n 
of blood ceils enncheO, in pltjnpotcni cells which are «jicoremsncd To u pyUtciiiar 
kcll )uK\igc and therefore rctata ihe ability rsi^cU-ionvx^al aiul the abiht> to 
•JuTojE-j^tUifo liito a specific iuwage, such as 'X-omnntied progcmtor ccU!i'\ lc., 
5 ijinphoid stem ceils, which mature into E Ijitnpliocjtes and T iynipiiocytes- 
myeloid or ar>'throid stem ceUs» wjjich mature into red blood cells, gfaauiocytes, 
monocytes megakaryocytes, Alteniatively» stem cells, mid other 
heiTsalopoietk cells can be obtained directly from a patient ar donor's blood or 
bfood fomiittg tissues, e,g., penpheral blood, bonexnan-ow, or umbUkal cord 
10 blood. 

The l&m "mononuclear cells" refers to anv cell lomd in Olood or blood- 
iunuujg fissi.!£'« V. uh a iUK.;oi.;> x^tnci; no; sCi;nif;iU--d, i h(;i.c c<L'Si<^ sangc trcn 
v<^r\ primitive utidiffefentiaied cells ?o K-vaiurc ccll<;. and include InU ar^ not 
ijiiiited to piur-poteot stem cells, coinniitied and uncommuted progenitor cells. 

1 5 lympboc yit's md immtyxes. Monomjciear cells can be oblamed directly tbnn a 
mainmaiian donor sonmc or aftematively &om abldod product source, 

The term "physiological pH" refers to a pH, which Is the measure of the 
acidity or alkalinity of a soktion or composition, that nunjerically encompasses 
a neutral range of about 6,9-7.5, and more prefet^bly about 7,2-7.5, and most 

M: preferably abo^itt4r?i5. 

The tettns 'tissue cuitnre media components'* or **cell cuhnre media 
compoj-iems'' refer to known composiems isfussus; or cell ctilture media. Such 
medva mcUide RPMf 1640, IMDM, Al.M-S, X--\ IV() lo. fx MEM ;tnd othcf 
known tissue culture and cell culture ifjetHa known \o Ok- an, Tlicse media, m 

25 addition to the usual sitiail niolet.'ulcs, usually contain otic or more specific 
proteins that most cells r&jutre tn order lo sunave and proliferate in ctslture 
These ioclnde gro%vth I'aciori* that siimtilate cell proiiferatioti, and transferrin, 
which carries injn into ceils. Several of these components are not safe for human 
injectidn or infusion, e.g., phenol red, or imavsilable in IJ.S.P. grade. 

30 The temi "biological activity'^ refers lo ihe viability or activity of stem 

ceil?, mononuclear cells and othcsr hematopoietic cells removed from or 
contained within a suspension or cryopresei-vatjon medium that have undergone 
a firee^e-thaw cyck or event, as compared to the viability or activity of cells that 



bo dcicmniJcJ J^s as^^- - m c . s --o-e . s»ed l<£;r<.ufhekA\ C eJs ivnmiT 

at loasi aboiu 20% to abom 4y*''i. oi actn n> wljcii coixjp4Jcd to non- 

5 frozen cells, prderably about 4 1 to about 55'*'e, more preferably about 56" o to 
about 70%, and mo^t prefetsbly nhmt to abo«t 90% \'iabiUt> or bjological 

Hie t«m ''viabilitv assay" ref«i-s to assay? avajlable to dci^munt; the 
viability or biologKMl .k"^^<^ t * --v nuuuckar ccHs i^iem s.eil;- and othei 
!0 hematopoietic ceils .^nd 5bo po^-^o v.^go !v\oxor> ot \K^hk ks bjoiugicallv actht- 

mediura attsjr a ijeti/t-Uiavs .'s^,*c „vort Ahquots [rom ihM\c<.i ■-■.implcs. can 
be icikd b\ {[) mcm\irw^ uUtuTntx ^. astng tluort-s^-rn markers su*. h as 
acndiae owige t"AO") ?n>i propidjum jodmc ("PI"), {2} <i iDtal ct;H count a»fia% 
15 \ ui a Ik mocviomoter, or \ 3 ) pfoltfmti've c^pactly in cuUure, e.g., uj liquid 
cuMure media or in mediyeelfclosei 

The term "cantrofled rate" refers to the tempetaiure and speed, t'.g,, 
"C/minutc, a cell suspeasiott ss cuoled after n.ucleaiJo« of ihe extracellular 
medmm or solutjon, 

20 ''Freeye-thaw cycle or oveat" refm to sabjectitii, a cryoptescrvatson 

medmm contatnmg a suspension ofmOTionticlear cells, stem celh and other 

hematopoieiK ceils 10 a cuofirj (^1 ' ,/ a pso --^i, v-^' > —a ..i least 

once, Siid then subsequciui> b\<-^,Cv' s^^ a t vi[' Uv.\voi_ ii-^UioJ 
:p?otoc.ol or reginre, 

35 Tht icrrn "ceil '-usp!,r.i>fon' rcfeih to populatton Oi cuncciurtUtOii of 

tT'.Miniu waf.v ^ >ic)r> i,cl!*.orothet jsieniatopoieticcdistnacfyopreservstion 
n-ediu>Ti m euiut a uqind or tio/en st»ite 

The presejrti im etition provides a u»ique non-to'sic cryoprcscrvjition 
composttjoa comprisss^ a polysaccharide ciyopteservative, and a method of 

5(> usmg the compositiori A composition of Ute 'm\ eatioji tor u^e m the present 
iftvejsjon moty also include an agent that penetrates the cell membrane, such as, 
for example, glycerol or propylene glycol. Such ciyoprotective agents sre 
known lo those of sKIH \n the art, A,n <dtcnta\e embodtment of the in'vemtotii, 



wool 45?i)5 FCmfS{»/4??J 9 

]iO"-\ti.'\cr. t5 .iCi^^ori u.lio;^ ir,>J,j:. ca>^ ore C'>ifp'oU'Otixo .^gcm 

ornposU.on doc-, ru.i vachid:: ""^M^i; , r jNUr^ oj -xol^-ins, i> , suum 
OiK 0* p-3!ys;,ict handc^ Hiclu<.k<s ^.ianniOi^aiactan^ 

5 Arab)nogaiact<ws arc obtaiaea Horn iht- ceii walls of consm plants. panicuiarJ> 
the Atijerican Western larch U<5m; vvchkmahx). Arabmogalactai) from Wesierjj 
larch has prevjously been tjsed as a binder, siabih^er, and ertiulsillcr in foods. 
Arabmogalact^n derivativfc-s md producis are descnbed In Juag al (US, 
Paten{ Number 5.478,576) and Adams et al {U.S, Patent Nuitiber 5,U6,969) and 

0 ate incladed wiiinn ihe scope of "'arabinogaiactan, aud bioioeical and functional 
equjvaimts thereof" 

Using auibioOL'auctafi, iVc .v\cv\o^\ prc\ sdti /. non toxic 
ciNopa.sersation tjtt,(hunt for hcnis^^o.-'osc'iv vcU- ' n„ nu<^'ini m <^ dt.'- 
halauced cjocliolyte .soi^tiuu. the baiaiKed clecuolyie soiuuon bcug t^onjpo^ud 
o^mt ^ppU'puMc K otictnfuutun Of stximni, potasshim, and chloride to majniam 
nomjal ostiiolahiy, which incorppme?; the cryoprotective agent ambmog^laciao. 
md may incorporate one or more other ctyopfotective agents. The m^sdium can 
be used forpreser%'mg a vartety of cells, including peripheral blood lymphocyt^i. 
The ceHs may be freshly isnMcd \ymph.oc:ytss, stem cells* ^ctjvau^d 
lymphocytes, get^eticaily modified lyjuphocytes, or & combinatkit tltereof. 

The mvention also pro\ide& a cornpositiofi iacludiftg a su^ension of 
hematopoaetisj ceUs in a ciyopreservatioa medimns tlve cryoprcscrvation medium 
beinji a curabn>ation of a balanced electrolyte suluhoo and at {cast one 
cn"firf.tectne ^gcnt, lacludinL, dr,ibtTiog,iiav.nan or a bK>l(\ii5c.'ii or furjctiooat 
<.\[Ui\ aient Jheicof I [is; hcrruifopOiCUc coli^ may be pcnphetiu hiood 
!vmpiiuc\ie?, )?ol<ued iymphucyisjs, s,\cm celK. sctj^atcd lymphocytes, 
genetically mod.fisjd {\mphui,yii;s, or a combination thereof fiom any mimtmal, 
particutari)' .i luinuu ot a bovinu canine, &lme, ovine, murine, porcine, capnne, 
or eqinnc The composirjon cao he tnfustble. and prefa'ably doe,« not contatn 
D^fSO. Preferably, the balanced elecirolyte solution does Tiot inchide protein, 
nor is Ihe one or more cr^'Opreservative agents composed in whole or m part of 
protein. 
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tr The iiKtrco -^T ' . ;:iresem invenrioa, aeinaiopfneiK or utnor c^.^'l'i ^^re 

oxauiiu 05 'hK ui\ osmon i j s le'd ' Ovti s.uspmsion I he cvU s.uspcns,son is t 
uo \.n hnfqucs such fbobc descnbtd beluu The celLs fo be 

5 <.t>ti{acietl iuckdc, but aii. not limited to, frt'{,hl> iii>ljteU }>'mphoc\ tes. stem 
cclh. bioiogicaljy modified Jyuiphoeyie^, t g., activated lymphocytes, 
genetically modiiled i^isiphocyiess, or 3 cotjibmstioa QieiODfJiOm mitmaiaban 
blijod or other tjs,$ue, p.mTCul^riy JSrom humaji blood 01 tjsjsue 

The imtmttoa also pro% jde& a tro^sn composition ibmied a balaTiced 
1 0 decifol) te solutiOB m comh^iatjon \\nh at lea^t nno moptott-ctis e ai^^mf and 

Thv f'o !.n JfiipoMiJon tan i x 1 ' •> < > \, > on ^ wlh^ n 
aamtviuu ^Vl^^ {i.c iuSani .it,.. soKk s h < -> ^ on,, 

1:5 equivalent &ereo.t 

tor cell therapy^ h<smatop^>ietic cells may be g*j:ri«ttcany altered usmg a 
variety of methods Imown to those ofskill vn tbe art Th&i>Q mfiihods are 
generally gyotiped mlo fkmt major categories; {! ) viral tian^fer, wcludmg tiie u&e 
af DNA or RK A vtral vectois, such »i8 retroviruses tTjiciudJnii kmiviruses) 

20 Simian vims 40 (SV40), adenovirus, herpes vifus, alphaviruses, e g . Smdbis 
virus, atid bovmepapillomavmis, foi exaj«ple; (2) chemical traiista. incltidi«|, 
^dic urn phosphate traiistixtion and DEAEdcx' v. < ^> hods, (3) 
RH-nnM<me *u5ion tunsftn usmfr D\' <\-loadv.* i '? t ^ h a 50 j> % ■^-n such 
itposomc;; jcJ bitjoa i ghosts a w protupU^i^ iot . otrplc <ro (4f -^hv-^i^al 

2^ tr^'isriei tcchmqucs t„u b a<. uh(,nnniet,(toru L-lcotjnpo.atiOh Of diicct ' naKcd" 
DNA ttativtu Inserttofj of imc ->r more pie fcckctf-d DN V scquc:..cc'=. c.n be 
It >.0!nphi,{)<,d homologous iccombmaiion or viral mtegfation mio th«- host 
i-e, It in e I he ae&jred g<,ne sequence can also be mcorporaied mto the cell 
j,^articuUrl> min its nucleus, usmg aplasmjd exprcssjoo vector *ind a msclear 

30 teh^aiion sequence Methods f«r dtrectisg polynuc!eoudej> to tlio nucleus 
hax c been described m the an {Hratideij, et al I «<*9 1 

Cafcuim pho^hate rtanslecuos, \%hich rcUes on precipitates, of plasmid 
D\A.,ca1ciimi sons. ca« 1^ ui>ed to miioducc piasnud DNA coniainmg a rat get 

m 
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gene pr poiynucleoJidt; miv isoidic ; o nrtor io O7oprcsefvatioji Bncfl> , 
plasmul DNA i!j rraxed snto :i soiutior, o:\xiicium chlondij, then added to a 
snlytiH'^^ which ha-- n,cn phosphate- bviiieicd Once a prccjpttatv, ha^. iorr-jvd. ths: 
soJuiiou iS added dixtYdy to cuUurod cells, Treauncni vvjUt DMSO or gisxero] 
5 can be used to improve transfcctiofi e0i«ency, and lexds of stable traus&ciants 
cm be improved xmng bis-hydmxyethyla»uao elhaoesulfonate (BES), 
Transfection agents should be reraoved by geTttle svasJitng prior to contacting the 
cells with the ctyopresemtive medi«ui of the pjreseot mvemwn. CaJctum 
pJiosphatss trasisfectioii systems are commercially available (e.g., PfoFectiojv*' 

1 0 from Promega Corp., Madisoti, Wl), 

DHAE-dexirati transiccnon, «!-\ < N-i -cruvcvn to thoi.c of skdl m the 
an, jnay he prcferrt-d over caictum ph--,-.}- i.ri- u<:!)Nfccuon whstc ttKr?SigtU 
transfocuoit fs dc-iired, a<i u is oitt-n ^.sncient. 

SuKfi the ceils to be cryopresen^ed are isolated Ironi ihe body, 

15 microinjection cm be effective for irarssfernng genetic matentil !uro die cells, 
BrieQy, cells are placed osto the st3g€ of a light microscQpe. Witi? die aid of the 
Riagnifieation provided by the microscope, a glass micropipette is guided into 
the nucletis to inject DNA or RNA, This aiethod is advantageous because it 
provides delivery of the desired genetic material directly to the attcleys, avoiditjg 

2Q both c>topl3smk iuid iysosomal degra<tetioB of the injected polynitckoude. 
Where hematopoietic or other progenitor cells are to be cryopreser\'ed, the 
lechniqueBiay provide enough genetically-ahered cells to further expand in 
cuiture poor to or after cryopreservation by the method of tiie present snvenuon 
Lipo,-bOtnal delivery of }>\A or RNA lu i:eudicaljv rnodtiV the cells can 

25 he TK'rfonncd. u<.:n-> catsoiiK ;ip!H>->n!C-~ v. ;uch form <iVjhic complex --^m the 
poluiuckviidi Fi^) NUibiu/aiion ol iho lii\)^oine compicx, dioleoyi 
pho?nha{jdykni5an<jla«unc iDOPt) or dioicoyl phosphatidylchohne (DOPC) can 
be added, A reconimendcd reagent for liposomal transfer is lipofectin*, which 
J? con-T.t>efcially available- Lipofectin* for exaitiple, is a mixture of the cationic 
i'.pid N-j.1 ■(2.3 -dioieyloyK.)propylj-N-N-N-trimethyi ammonia chloride and 
DOPH. Delivery of linear DNA, plasmid DHK or RNA can be aceompliahed by 
liposomes, and casi provide advantages due to the fact that liposomes can carry 
larger pieces of DNA. can genentJIy protect the polynucleotide irom degradation. 



iriL ut'iitc I ttsacne^''^ ^QKJgon), 1>U I AP (Ruche Mokcuiar BjooncjTUca:s>! 
{■ uUv.^'nc i'''^' iKocti., Moieouioi BfoUietmcatj.), and rraasfcctam* (Promsga) 
f„ auomv hptd-mt'dak'd gene transfer efficiency caii be e^hancred b> 
incoiporatmg purUle^l virai or celUUar envelope compotieBt5, such as the pynfied 
G glycopratem of the v<^cular ^^^iClmalI{is v\r\x% fsnveiopcd (VSV-O). m the 
method described by Abe ci al { !998> 

Vn^l vectors can be used to genetically u\m teJk pnor to 
1 0 etyopresen-ation, V^rai vectors can be used to ddi very one or more target genes, 
polynucleotides, <intistn<;c itiok-i^ulc^ os nbo \-n'c s^^fH . > < v loi ^anipk, irus 
the c<;lls V'jiai vtctots and lueiii.nK fos ibiiu Ji.t- lo dehsoi n\ \ ceiK ,^r<. 
\% kixov, 11 Ui vhu .s, of , !! jn tlK' K a . \ snl \ t cio' = ^^ i ch c >n be 
UG!.d (o u<„'KlicaU-\ aitcn t^eU^ puor lu c5\oprc^.civat(on mcUide, hul are nol 
i'^ Isauted io ut'uH>\ tr\! .»,c oj<;. adeno-a&socmted viral vectors, retroviral vectors 
(including Icntivirai \ectoi:&>. alphstvira! veetora (w.g., Smdbis vectors), and 
■h€3i)e« ijmjs veetors, 

Remn-iral vectors are mm notabiy effectne ibr traiiiduotng rapidly- 
divulmg ctilb, although a ntmibsr of rettoviral vectors have bec« developed to 
2n efTecuvdy transfer DNA mto tion^dt^ idmg cells as well (Mocb^uki et al„ mB) 
Packagmg cell hues for ietrovir^ vectors are known to those of skill in the ?n 
Packagmg cell Imes provide &e viral proteins, needed n> . p .A ,^ , auuUv- 1 sia 
urion matitranonof thc\irai v«.ctor General!) thest sat uJ.^ t x, ^^/^r 
t ' ' ri.Trov!r-' eencN An appruprure p<ukAgui5 ccU 'hil. t-^ chobu.i i'om y)\mrg 
2S ttic ^jio^^ n ti. 1 I'nc X) pioduce a retro\ ^tJ^ vector for tianstei of DNA imo 
hv.iwt<H-s or om«.r cells pnot to cryopreservation usmg tile method of the 
piescnl loventton, 

Sticcessful {nmsteciiotj ot h<^rsouctiO{> uf hematopoietic cells pnof to 
cryopreservation ccm be dumonstiaied asmg genetic markers, In a techmqae 
JtJ ktiowii to those of skill m the art, Ihs green fluorescent protein QfAequnrea 
victa^-ia. for erampk, can provide an effecti\ c matkei for identifying and 
tracking genetically modified hematonoietk cells m cell transfer 



!\opiou't.K r v<ii! JcsuU iwm rfdapine oicubuh'^ni of ihc o;g<imsin, with 
? cJuiiigs. s m ccWnUt t>tmcm>c, composUjon and jnctabobc haUncc gi\ iui 
entuucCii wietancc of fft*c/ing. In lafoyi'«itor> e\.pertni«iitj> cell vtafeduv or 
ultiustructurc art in be preserved foliowjngcooknj:. t\-%ot»ethod$ arc tuudablc 
The first IS {a uHra-ra5iKl}y cool the sampk^ resnltmg m the tjssuc fluids bctt^ 
vUntkd, J e , Krozen j« the absence of ice cnstal^ The second n to mcorporaio 
W sptfciOc addun cs, ^ <. t Vi»p-o{<. (Anc LhamcAs or as-'enl*.. to con fer .t deal cc of 
: crvopmteciion. 

N un .clu nun oJh> ( i% Tiaiopo t,Uc 's ! dst HcL. ;).,n 'un.* .-t -U' , < .is to 
si^ttsix tv,<i >.ru--!tji t irM the cers nnjs^i jsh ot^cc go ti'C\<,i --ibk 

! ^ tiainijge due to the miut$p'icn% ct cbanii?» *nch occur \s Jthin a ian-pk d ',n- 
cooiiag> These chai>gcs saclude mechanical damage due to ice fonBation ccll- 
lo-ccll fuftjun due lo the decrease m the solme volume available, and changes lo 
addiry (pH> aiid salt or solute concentrations due to the scgjegatiofi ot\so]ute and 
water Second, the eonditmn of the uample tblbwiiig eouhnii mu^t he 

3 5 cotnpauble ^ tth subsequent ihawm^ ai jd mfestoji procedures mid requires 
!apec3*te attt-ntton to p4u:ameters such as sample si/e, tec lonns created^ <ind the 
oaturt. and ^v^ixl concmiratioaoi additives or i.\cip In s.itt^^ tno rS.t.'v. tA\> 
i i Ut^r'j fac cn f p' tfecrv atjon pn;>ccss represent'^ i- J ^.k-c n t , ic *-t p j 
L'■^op^^.'~or^alfon ikxUi'.on andnxoprotectnc t^gculs to in urn. t uundi,-^ 

l'^ dui inj *t • -mi' V hcm.cjUv mcrOx^smg the voUtrnt; nf Uie fcc ire,j /one for a 
t't < oolipj ( and 'he (.xxjhng^frce/irfg method itself 

I he ct>oBrei.enatJosi inediuni of lite msunt mvention employs tin 
k'ca t>asc "SolattOD sckcied from the group consisting of laciated Rjtiigcfji 
^' !! PSa^maljtt'-A'^'^*, but\e's Modified Htdbccco s Mcdmtit. Not»no&oK 

R^^K \ eeii-fi''"'^^ PohsaIj< and Hank's BaUinced Sail Solution ^coiitaming m 
pbuiof redV Ihcse base solotion^ cIosoK tippnnsuTFiate the corapositjors of 
extTaceikilat mannuihan phvs;o!os?tca1 fluids Notmoioi-R^"*' and fscove's 
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Modified l>Hihecco $ Medimi ^-iv-t i n.<m mi^ ' p s.-rcu 

l»>lviNi-ju II chluudc, Vv)djuni cWonde, jud sodwm JjcLuc in water ^uuabk \oi 
5 uijecuon, Lactaliid Ringer \^ s<»luUtjn cuntams about { 3( > tnl-q'hter oi i.odiaiTJ 
f Na), ahoui 4 mEq/Uter of potassium (K> about m£q/Utcr of chloride (CI), 
about 3 mEq/hterof caJciuro (Cs)« about 2S mKq-'Uta of lactate, and about 
tuEq/hter of glucose. (Lactatf d Rjtjger's solulioft iis comitiercially avmkbk 
from Baxter, Hylmd Division, GkndaleCA, Product Nki, 2B2073). 

} 0 PJasmal vtc- A iS a non-poh'mcrjc ph^sma expander and contains 

essenni' saU^ ^iiid '(Utiani^ ^itv,'h( to t'jo^u i.iuisvi ;ti <:u!oirt. sneduin^ hi t <1<K9 
aoi i^onuim additional ^of;s.uiucm-i iou'k* n t!<>i.U(. ct-lturc m^nhan? hich ore nos 
4ppr«i\td tor hutnan >i>tusiOi? t. phcroL<.d. a.c .r<n a l,<bV tr v SP 'Tt^^iv, 
FL^maJ \Xt A cotnjsn^ sboM 1 inEq liter ot sodium about S n^Bc'lnex 

15 pousbsji'ti) (k K iboui 3 mCq Itttjr of tnagnesiuni iMg), about S5H m£q 'I'ter of 
cblonde (CI), a{5out 27 mEq1uea-of rotate, and shout 23 mEqJjtcr of gluconate 
fPlasmatyte-A^^ is coTtsmefoiaiiy avaUabk ih)m B4}£*er, Hyiaiid Division, 
G!enda)c CA.prod\KtNo. 2B25431 

lsco\ e's Modified Dufbecco's Mediiua (IMDM} is a st«rite solution of 

20 cakium chloride, pt^tassium chloride?, and isodmm chloride. (IMDM k 

commei^cially avaUablc firom Gibco, Cat^ilog No. 21056, which no pbcrioi 
tek^) IVIDNI coniains about L5 mEq4 of calcium (Ca^, about 4 4 mBq L 
potassjum (iih ftbout ^CMixEq L cblonde iCW about 1 14mCq'L soduun (b,a> 
about «> S mtq L ouutsosuiin (MirL arja aliout J -> mi-q i ot ijSjtoo^c 

25 Xorrni-i^o' R"^''* i ehi. solht or o> p-sigiiesnim a^i'sndc, pt'>t<^'=;smm 

\(i AK>ol Cs-\ hmi-> about 140 niEq Ula ofsoJiun* (\ak 5 ml q-lilcr of 
poii>SK)um (K), niCq/httr of magnesTum tMg). ''8 niEq'htcrof eblorids (0), 
23 niEq bterofgl neonate, and mhq iites f>f gl«cose (Nomiosol-R™ is 
^0 corpniCTCtally aihhic from Abbott labs, Oucatjo IL. product ><o. 7%703). 

Vccn-D™ is a ste»le solution of caictum cblonde', potassium cblonde. 
aodaun chlonde, and sodmm acetate, and contJms iiHout 130 mfcq/liter of 
St-Hiium ^Ka), about 4 nilq iittr <if poiassumi (K), about I mEq-'litei of 
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and ali.-it.it 5 niF.>.j itfcrof liiucoisC 

Po;>b.<^U^ >s *i iumimum cs^cutial tissue culture jvi^drntu ("MEM"- thai ts 
^ brijar.v.ed polytomc deciroivie solution contains aboia l-'U inht^ iucr ot' 
-S .soUiunn ahoui 1 03 mEq-'Uter of chlorulc, about 5 mg'dedhtcr of calcium- abou? 
3 rag/deciUter of magaesiuin, md about 55 ntEq/Hter of acetate maintained at a 
physiological pH. (Polysalf ' j$ commerciaUy available &ota Ctitter BioJogicals, 

Hank's Baiajiced SaJt Solulion (contaimng no phenol red) r^>IBSS'\ 
1 0 contains the inorg^anr sails pola-ssuim chloride (Kriji, about 4 ^^'htcr poussuim 
phusph<jic!3!<<~ >' - -f^ t\) . - >od(um chiondc {NXlk 

about 80 y h{o\ soo.>iM) "-i -sp; juv^ c (\j H?0 K about 4''5 mg-hl^-u anU 
gUi.-O^a., ahuiu 1 U ii iik' IIBSS >s i-'uffcivU tih phosphate so ihA the snimjon 
Will ii\nnU<ui iii, phvsioiogicj.! pH under atnto&pbeno condjuon?. Fur ihj? re^tson 
15 if 5!s iht prjnmp, <.otut5on used in enzymatic tJcatinent:* uf cs;Us and tt,ssue ss\d the 
finai rinse of ceHs pnor to the susp«nsio« of the cells in a complete ^omh 
medmna fHBSS is coitiKtercially available fram Sigma Chemical Co., product 

The cryopnssen'ation mediums hanng an electrolyte base solutions as set 
2t? forth above are praferafely buffered fey a btiffemg agmt tliat has been approved 
for ?f? VIVO use in humans. PreferabK', the base h buffered with hktidinc. e.g., at 
about SO m.Vt, In the present ^n^ t.'[)U»\^n, the bu iTtnng agent i$ present in an 
amotJtit effective to tnauitam a cryopreservalion medium* soltUion, composiiidn 
<yr cell -siispt^n.siot) at physiological pH. 

Cr> iTfprotectiVt' agents that cajt) be used in the p!ei.«n itn^nttiurt range 
from nalutaily occumng cryoprotectants such as arabitiogalactaa, gJvoeroi, 
propylene glycol, albumiti. Cr^-oprotesctlve agents can be classifi^ as 
peaetraiing and n«m-penetrati«g. Kon^peRetraHitg ciyoprotective agents alter 
30 only the freezing chaj'acieristtcs of the extracdi«1af nsedimn whereas pcttetrattng 
ci^'OprotecUve agents can modify both the intracellular m\d the extracellular 
tnediurrf composition 
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The- addition of a cr> oprotccti\ u ^gcnt io -a cell suspension ecu- rostiil in 
cenuinr d:m-i.iL'e if nm introduced propcrh - it !S wcil knuwri ih.i\ Jhe addiUon of 
aiiy SMlnU' changes the tonicity of a &oKUjq« or medium. When cells are exposed 
50 a hiixh cxird'Ceiiu'tar osmolaritv, a cell can expenence rapui ex-o§aiosiS of 
5 water followed by a slow incoipomtton of a pcnetrafiijg cryoproiective agettt due 
to m iower pcojieabiiit^'. Thus, the voiuinetiic changes resulting from the flaxes 
of xvater and the addition of a cryoproteetive agem can remit in <la«iage to thig 
cdis. Tissues ami mtsct organs cm experisiice reduced ceii viabiHty and 
biological activity \vhe« exposed to suflticieiitly large step changes in exienia.! 
IQ osmolarit) rs'sulting from inuirorer introduction of a cr\'oprotecttvo agt-ni CPegg. 

TypK;.ii|> 5neu>-!r>is V. , ~ ■ !^ ^ --.-p;.^i,cj''.it!<ui j^c-nss ;iic introducaj 
Libing sicp-\Mi;c iiicrcmt-tn-^ r .s ji^ ^ oncL'iv:rat ion tn order to avohi ceiluiar 
osmocic shock assaciuicd wuh <;ina!c-step introduction or removal For example, 

1 5 a cryopreserv ation medium cart be prepared by adding a cr>'oprofectJve agent to 
first create an "intermediate" concetitrattoii and thm slowly increasoi via a iiovv 
drip method or other similar tjsethod, to aciiieve a desired concetxtratioft of a 
CTyoprotective agetit. Alternatively, a ctyopK)te<:ti¥e agent can be added entirely 
by a slow drip method to avoid celMi^ daaEnage. AdditiosaDy, prior to infusion 

24) of a thawed cell suspeasioit m a medium of the pmsem invention, a 

crv'oprolective agent can be "removed" by dilating the medium with mother 
medium free of cf>op'o*oct s , -xuiii ^ destred concentration is achieved 
thatis siuitahie tbr iniusion inlo a patient 

Not o«ly are large incroa$s.s i;; <■ .-Mv^'-un ,^oiiitKr.r"s ofraolarity 

25 poteniially damaging, bui ioniA tmv, cwpu^ure in evt-n lox\ ceil coiicentraiioas of 
tonai!? cryopreservation auenu, such as; .L>MSO, at room tempKralure can be 
Istiml {Faljy ei a!„ 1 990). it is beheved a reduction m tsmpetmr^ can suppress 
the kinetics of cell d^iage associated with exposure to a cryoprotective agsait 
while also suppressing a '"rapid*' pemieationof cryoprotectlve agents into a cell 

30 Additionally, exposure of cells to certain cryoprotective agents <DMSO in 
particular) has been associated with loss in cell viabjlitj' and activity with 
extended exposure. Studies have quaritifted specific cellular changes resuUing 
fom exposure to a cn'opreservadon agent such iis 0MSO. These studies have 
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snov^cd cell J Kt damaucih.'' <l .J.^ u -j. . jo^^ jnkut^ 

c ill vi<.couiu iOi,s m Cv.'u \i .biit{\ <md aanu\ the to\icn> oL 
».-,op,u-er\-.nH>n .^gcnt:;. ^uch ai> DMijO ius led lu Ujs; d«veU>fm«;m of ihc 
> «»proved meUiods slesmbed Ijerem. 

The pnmar>' factors affccti»5g the ci>'oprctcct3% e naUire of an agent ar. 
(aUijenjtca} nature, ^b) rclaUve lack of loxjcily, {s) mokc«lai si/e and 
pcTttftratm^ abihty, ««^d (d) mtmetton with otljer compounds in *he mTXt«rc> In 
the presejj{ invention li is preferred that m\y miksible-eTade cryoprotectjve 
1 f> chomjcals or aaems arc cmploved Tliu*. prefers cd cm>prc}te«.tt\ t; agentt. of^he 
instant nventjon UK iuac ..•i'4'''i!£ioiiLjf.ii.u 1 4,0 <.)n ' tih ,h\ 

btiman "^enmi alhunn i a^ ihvSv agcntb <ir?, --ur \bic i )c usson > j » u 

Ih^ phsskocbenMc.^l ai-^LU of mnpjota'Juc agents j {a) d-ptcssion 
5 5 01 the eauilibfi im iko/iiu po'^t oi substeate aiid c>ioplasm on a coU^gatsvt- 
basi6, (b} depicibion of homogeneous ice mtcieation tetnpcrature, (C) rcduccd 
rate of ict' ciystal growth diK m change m the viscosd> and ihmna} diffusivity 
of ihe solution, and (d j dehydrative effects on cdk by o'smotic Action 

The action of glycerol has been interpreted as pensitratiiig asid exerting 
20 colUgattve action within the celis In the proporttoit that the coUigative acnon uf 
glycerol maintains water in tJie ^uid state at tesiperaiures below 0*C. an 
mcrea^ed solumc of srelluW solution iS n^amiamed Hiis avoids, <m t,xcvp<;n s, 
conccntiatjon of loxjo e^cctrohtcj. tn the non-lro^etj cetkdar -,oIuiton \ sit.nU" 
mflucrice a!so lakoi pKXv in itK c\ten a\ so'iauot fh!« context voIiitiJtv\ 
25 dctjon IS referred to a-, jcudj ' i , <f .Ov\cn')j the- 'ne 

point of the vorj*K f uivont^. ^ > ^ sen! tin s.iit 

coiic^-nfation does not ns? to rf c tUioaii\ daij5<5-,ing !c-so> until leniptiatu.u 
OLv-onscs so \nv that thtf damagmg reactjons, are slow oiDUgh to be tolerated by 
tlieeells:. 

?5 i3os\ c%t'i the «se of gl^ceKsl concmt atson^ of 6% or greater cm employ 

a midu-siep ^d^hxian or imox ai of giycesol, as d^s^nbed abtn m oidcr lo 
mmimt/e the los^ cells doe to csmouc shock It !s expected tliat higher cell 
vsahihtiss can he ohscs ved wtb mcr^Msed concentration hovels of glycerol 

.1? 



\\thi.>uzh his/her glvi^eto I coiicenuauons can rsqiare atMiUonal i)r<-i<-;.s->ing, c g 
nuilti >t.-p sad uon rcjaouu to . w - sptnaion and icqanc .1 sl-i-'ve ;.o<fhnv' 
me. Glycerol fs used in the crvapreservatjojif medium ot the pjovnt ju-' ctkion. 
m a cojicentfatiottt of abuuj 0 5"t< to about 2{i*;o pixkrahK ^tboui "^"0 :o aaou' 
5 1 0%. more preferably about 1 % 10 about 6^\>, aini even morf preferably aboui 

Nou-penetnitmg cf>'oprotectam« vaiy ui ^sue fiom iumiaii setuiii iibuniiit 
io large polymeric substances such as polyvinylpyrrolidone fP VP), 
a^abmogalactan, dexiraij ativi modtfied rlcitvrhes sauch ai. hvdrtJ\>clh\i starch 
1 0 (HES > It has i>e:?n -^la'eestCi.' that nan-ncfictrstsng stib:>tance<; act h\ some othe? 
roeaus rathtT Jhar it . 't < ^hanss -ti iLsc^Kxi abosv Fit-'olcof 

laigern-iokoaLs ! . . ^ < h^ ^ ,H'■^n vVhcr iLiigi. 

<3}ffcre?mia>, k^s irto Vvauj 55 a<«<.ui«.0K v ' ' rj^i-^suur ci\ -.ul i/<x n r s\ n«cb 

15 IS often idtrnufkd ai> a 'elhdl laclor 

Human serum oibumm (HSA) js aiso classified as 3 aoii-peueiutmg 
cryopmtcctajit Human serum albimiiii is a stenle, noR-pytO|,eftic preparation of 
serum aJboimn thai h<£ obtamed by fi^ciionating bboU, plasma> serwji or 
placeatas from heaUhy bonisn donors. Ihe aJbmma cotJtent is not less thaij 96% 

20 of the total proteiti, HS A may cotuam sodium acetytryptophanate alone, or with 
sodmm taprvht^ as & stabtli/ing agent The sodium conicnt 5<t not less lhan 
1^0 mi q iutT .iSHi ncl more that InO mEq titej .md cont.^ms to rncsobial agents 
MSA j<; «soti n <-i cnopresi-ufition njatmm oi prv!>«nt tnscnlion in a 
coruxntrauor rang., abcui (> lo ^huii' preferably abo«t to about 

25 \) '(. 3nO To^t pictejafu .>hnut V\, to about o*-'" 

^tcr ■ i-tUt., mononuvlcaj cd!s and uLhtr he'^nalopun.lv h cari b.: 
obtdUKd ironi aonnal hnm4n donors siunuialed wuh granu!oc>tc~co!ony 
stimulatini! factor ("G-C'SP"). Donors can he admtntstered G-CbF, fot example 
5 - U p-^^B for a penod of 1-6 days, and m i^herests product can tJicn be 

30 collecte-d GenemUy, ao spheresjs piK)du« is pmiljed and nch m mononuclear 
colls, but if additioaal cell purification or proces'^rag i"i de§ireUj, density gradient 
separation ieehmques and cejimfugation techntquvs weli known 10 the art can be 
implememied. 



<m6 i -JiCS ptoccduics as dej.cnbui m Ven<«II>c et aJ , 1 Jhib pioccJui c 
vteki*. ceO ptiip«lauons bighly-ennchifd m hamijn stem eeJis ^hxch are 
chautf tenzcsl by bmg Lm CD34*UR Oiher hematopoietic cell popukmoni 
ivdvmg ennched sstem celis jncltidc the CD34 poptilsUon Uiscloised by Cnm 
0 ' S Patem No 4,7i4,6S0), the CX>3C, CD38 poptiiatmn disclosed ui 
10 btJropean patent spphcation N<* 455,482, tht, population discfosed by 

Isukamato et rfl {VS Paitj'^' No ^ . ^ j so, Champl?ri» 1^95 Nog*5, 

\\of! «s . popuiatiDi) >{t CDr4 cetlis Lpon ihe lioiatton and purification of cci!s 
I tlH t an be atldt'd or suspended in the cryopresen'atiott medium of the 

^mal cell volume and ceil conmuration ma cryopreservatioi) aiedium is 
jmponajnt m the development of a free?mg method for stem cells, monotiud^ 
c<-lls md other hematopoietic cells, l^evbus studios have ob&eTveti thai the 
2{! viability of ceils \thich aie fro?en and thasv^d can be adversely effected whoa tht 
conccmi^tioi) vJf cells exceed a 20% c>tocnt 19S I), Thus, m the present 
imentson, using 4n approximate cell diaiiioter of 20 ^^m. the final cell 
coneeflir?tion m a cryopreservatton mv,duim ^ouki mi exceed aHout ! x i 0 
ceils p« irtv ot raotijutn Aui ih <i 1 um^juur Uis, li ad <>I^ ihv' 

nisdrnm inniM ^.5 a. ^ a bun^an paut .< v . ^ i^ 3\smt/ing the ceil 
conccmraiion ui,cd Thus st(.ni '.^.i' m%ipi' uCka" i and jtJ'scr * cinawpoitMi. 
cell suspensioiwatc prep snd m .';.t.o.da«i,t \%tth Ok .-fv-^cnt '^\tn!jir b> 
providmg a population of i&ohutd and puniRd sienj ccliss ipont nuclsjjT cwL-, and 
30 other heoialop^-^ictic cells, and JuLo^tucing then mtc at crvopre^2r\ atu n jocdmro 
In {be ptesent imentioiL tbccdl concentratjon c^n avi^rage abom 1x10'' \ \ 
10 ccllsi'mi of ti-edium, preferahh about 2 -5 >. lOVcUs/ml of inedtum, :snd 
tno;>t preferably about 3 x li>^ ceils, ml i>f medium 

■if 



tlv^> ptcU\>d, so AS i<? tesiiU m nptmmm swnix al Mtc oi cclK moaoriuc*t;ai 
V. eils <xii.d oihcr hematopoteta- cells, .ire iioi independent evenit. f tic composUion 
5 oi d pariicuidt ctyopreservanon medj(»B mftuejjces the cooling rate at hicb 
max?miim ceU survival is observed Cfvoprotmive agents (hat do not penetraie 
Ukt ccU membmtie, <3o not appear to have a strong uiBuscnce on the optsmum 
cooling rate of a cr>opreservadmt medium Gl ycetx>l, howsx or, pi&y$ m 
itnponstn 10k at thv . o^intr mte at which maxita«m cell suntval js observed 
H* SomiaiU I. I otc<;tbdtm'^hd5ih beknv {h{> threshold cootjng rate 

■^OT inlrnccUulii .^.e fo' , 1 < . > <- > • iO^■''^,<^.iOh ^'mxiTU. 

-Kk-di ve diCR 'isuii ^ n ! ^s„*e! k> on^^oi, : o.n ho cdK Kctort *he 

i-onlatned ceil \\aicr tieuv..s vliUuco'.ng 5 tna, ate ^1 ghtU bekw ihe 
threshold cooiing rate lor intiactSjulJt Jonrtation, cxiraceUuiar Jce fnnns first, 
! rosy Jung m dehydt'atso« of tlie cei! \% hich, together wjtfe the presence of tbe 
cr^opiotet'tont, prevetxts mtmcellular ice IbmiatJOfi 

A variety of cooling metk^ds cm be used for the cjyopreservation of 
uctn ceH, mononuclca*' cell and other hematopoietic ceil sti^cnsmas of xhi 
uistant invention. In a preferred emivotJiiDent of Xlm mvetition, the cooling rate 
20 that a cryopreser%-ation medmnj containing a cell suspension expenetiees before 
the exiracelJuJar medium or solution ha^ formed ice, is not a Ciitical factor, m 
sJsincdh. mononuclear ceils .^ndnthi, Uvi an n ^ < v K do not T¥?rmally 
cKbibiiooId shock bcknwf Jio\vf\cr n-L< -^.w nai>on sn the cctraceUular 
MViUtOii hss oci^uiscd the cnunfKs^tn. n--cjuur oi ^hi prcs^iu tavetUxT 
25 repirsctus <m iirpruvcmcnl o\er outtccsi niediuuji expos^ed to a j-rtofv of 
irtx 'Jiig method-, A.^ pre-v jounIs stated, after uk' fonnaUon ot ]U m tho 
tj\ini.\>iiuL»r n->ed]uni, cuncnt free/jng methods employ a fmal coohnj, tate ot 
abnnt r r/niUKUe, wht-rca^j the crj-'opresefvatioo medium of the instant mvemion 
CM be cooled at faster tmal coolmg rates, prelmhly about to lO'^C^mm whik 
30 matntammg cell viability and schievkg highei celi yield than conventional 
crj'opresen ation medmms exposed to kaow-n fi-ec/jog methods Curreot 
cr\'opresm'ation mediums, e g , DMSO contamiag mediums, lyse ma«> cells 
ditdRg the fre:e^ittg pioces^, and altmiati^ly Mold much lovvcr ceil counts than the 

m 



'Mtdu'u tiO|) iNv.u ui\v,£Uios. '\Ui>^)afih {")MSO mo iiuoti. Mcia (au.N .^'t,. 
^ J ib' n\ \ ickis, the total ceii counJ after <} rice/c th<m c>tl<, o- c\ cnt ts usu^Uv 

low. 

A'l afiom^uxo c^>^.ih^v.• iiiettK d ot the jnstiam mveniioti, cmplm's 
■> cwHiolted cooling pnu; to thu {ojnjatton of Tce m ar extracolhUai medium In j 
prefcfTt-d cnibodiTaenU a population oi caih are -su&peuded m a cr>oprc?enation 
medmm di a tempcralt>re «?f aK>in 4" to STT, aliijwed to equUihiau .ii>d then 
fogJed in a 5 step JTiethod }&tep I mvoU es cnohnc' tha tell sus^peaijiOTj thim 
^bomO"C toaboui *S*X atdcooliKg niteofabout njinutt.' Ala 
1 0 a'u}p<,{ autre of about -S=r the reU stHntna on is 'spvaK-v sttll undercuolcd and 

"^(i K. nnmiiv Ipi-f^v > it . n :0u <' 'ofi. iLcd'jMJu liL? step Step 
Aa.im3n-, n c X ell MbOviisio 1 trorn abiHU 4~> < toatfoa -i^X'^ala 

1 antnsii' safe o{ about ii^X 'minute to induce msckatson ot the oxiidceliiifar 
5CT.iuttort, 4sg . tec cr>'sidK ioxm in tbe cxtraceliulsr soluuoa resulting xij a rcicufet 
of the latent h«ai offusjon. $tep 4 mvoh es CQolmg the etll suspenston at a 
cdntroJIed cooling rate of abuut I" to 2t*T'mmute to a final tenti^^rature of abo»* 
-iiOX Step 5 tj^clude-s cooiing the suspensioji at a controHsd coohng tatu vit 

30 about ST 'minute to a finxif temperature of about AWV 

Any volume of a ceU su&pcnsion tnay he subjected u> the coohiig mcttiod 
oftheimcmion> ^orc\4^np!i^ 1 (' niloi a ..If p. ; . h 
v.0txxi tration ot abvHtt 2 - \ 10 cx-\U ml o* v.; vOT^ri-.M on mi. ii'i-un 

> Oil-. ' -itt-^jK on «i a I. <,! Loncauia ju . aniu'^ ^> 1() t,e!K m oi 

\ (*Uinu ui t cU iuspcn:Mon v\ould be t\'picd} ot tlwt used m xiw iirce/mg of 
t^mbiheal eoid Mood or other unmunoth)?tap> produets 

'i tjc tmai stoiage teinperaiure of « ceil suspension lypicalh dctenntne*.! 
30 by *he gla&s, ifai^&uton temperature of the et s opreservation medium Tbu&, the 
preisent mteatwn pmx x*e» that A cell suspension should be cooled below the 
glas^ tuiiisttion tentpeiatme of the extraccilnlat riedmm .so that the eeil 
Mvpen^wn <s coniploteK isohdftied at the end of ihi. nwtijod For ihe 

11: 



cjup,.a I'K' IS ben^ccn about -?() to -iVH'C. *>iid preiVuiMy abO\it -8<r to - 



l;ncoiUrt»U(id frtic/uig refers «} the freezing of a cell soiipen<>ion in a 
4.T>oprescivat(on irteihum exposed to a fixed 1o%vtem|iCTatuio, kc, thai hJ5 been 
placet! m a mcchaiiJcal Irce/cj capable of hoidmg a specified tcmpenuurc, e,g . - 
or - 1 5 ^ "C Tlie suspt'fiSiOTj will cool at a \ ancty of cooimg mles due to heal 
transfer charactcnstJcs of fho freczet and coil su^pcitsiuit Thus, the formatiotj of 

iMonntfKMfoi.i ti- . s > ^ 1 t K J i .fs i >•> I < ivijovi n^^ti- 
cool!n^M..\ otti-i 'he *0(nhij'h ^: > ^\'< i , i > .'i . ss uklKatcJ 
b}, tijo tek\ue ui a -ndio-^ts ot the 'u-iUnt lu-as: ol Uj^ton \\i.)i.{3 ii. nicasureti 
ths-'tmocouple-s and nxofdc4 on a dsu it^gging utsfrumcnt, e g . a stiip cnatt 
rcoordei . lincontroUcd freezing melhods are popular in a \ Bikiy of <,maliier 
hospitals mi in Htiropc. and in a variety of cismct^I atiii mdltar^ apphcaticsm 
Fr«e/}«g of stem ceil, mononuckaf cs?iJ and other kemato|K>ietic cell sospcasfensj 
m these sMuations ict t>ptcan> perfdm^etJ in -Hii" or '153^C mechajiical ifee^;ers. 
Biocbemicai acti\ ity of cells t$ suppressed bdow -1 53 T. 




Tn a preferred embodtmeiii ceil ?aspenstoi[s arc copied sti ih^ii tcij crv^jtaj 
!onnai)on oeet5r<;bi.io\^ the tensperatm^ that wotiid cause aaniage to ihe cells 
OtH J J t'lo 'Uspaision -jor'u xJo^^ the i.''^>-s harxtuon tenp->,*u !u<c oi 
{? 0 "iusv uutfabjj ,t. . lomi { or .ij'to.phou's see, *hf<; is p<-eitrabi> b<.3ov\ C 
j^tem cv-^U -iiononut-k'i! cell .md other hematopo'eiic cd! sii!jpens,ton>* may be 
-lorea itsde.riKClx j-tiof to thtm tnif 

pT . u-rA 1 V the »ha\vmg of a cell suspension is accomplished by piacitig 
> ' ic jtl 1 'i?p<. ttef DO iti w ;ttct bath uMii all visjbie ko crystals m the 
c r> opi e^ t n. aiion medt Uf?3 hen e dsaappearcd I ht« thawing inctlwd t^ desigtieti ts* 
re*;nU in the rdpJd thawing of theceU suspo^ion aiid mtepdt:d to mniimue 
rs'crsstalii/.atiun or osmotic $nj«T> exDeneaeed dtinng the rex^mitimg phase of 




thv jn^moO Pre Wi:: w oath is mdinum!.d a; a leu^ptKiatr.^ .-i ah 

In a ptetcntd cmbodimeTii ot tm mwmon. a vaneiv ofifi iv?f u us^a> ^ 
5 can bti pci lornjcd in order to assess \ iabihty and perc<.>irt recovery of stem celk 
mononudear cells and other hmatopoieuc cd!s froiii acrjopresen-atioti 
medium. t.<{K>q tbawmg, a cell suspension is mixed asiog a sj-ntige. or other 
suitable means, m emutt: even distnbutioa of cells. Aliquots ixom (he thawed 
su^ensbn cm be removed m4 assayed to determine: (I) membrane mtegruy of 

1 ceils Ttsmg fluorescent mark«j«, such as jicndmc orange {AO) {Sigma, St. toois. 
MO), Mui pjop'dmnj ^xlint; (Pi) {Sigma, S? L<H'i«, MO). (2) 'oja' cell count 
ismj. a hefnocNJorncter, li) ptoUteraiiu ^-dpahiltty of the cells in a 
nxnh\ IccU-sio^e cufusc .supplemented vvitli cytokines, and, 4) flow cytometry for 
cells that are CI.) M' 45 

1 5 Fro/m tH,tx% ed y<nvp\^^ o\ ^ic>n c mononuefe^- eel! jy-jd other 

ticmatoponitic celi suspcn,sions m a cryopieservation medium are nuxed using a 
syt^nge to en&urc even distribwHost df celis, Aliquots torn tlie samples are 
rerfioved and m vim viability assav-s were perfotined to ajisess tbe viability ana 
:pfii!eernage reewerycii: cells. 

10 To determiue njembj^ne i«tegrit>' uswig AO/PI, 3 i of cell suspensions 

are dilute^il with 95 Ml oflMDM. Equal amounts of trell istjspengioa and AOm 
s-fiiiiu>n ere added and the $«S|>cnsiot* was placed on the htmocytometcr .liid 
Lt\h ^\cfc counte \ us^ng fiuorescem mjcroscnp> (Zeiss Axioskop, Oermanv} 

HtiOR't,! cd icd' vuiiLJ v.of M!^ J, ftU Ct,v,J -Vs o the !ou! nunihei 

cell ^(mL<.ntratRT a^k^^ .on umUipljed by iotaJ ^tf^lii^ed m a tot<5i cell 

nuraber ui a suspetision. 

lu dctcTnnne pK>liferati\ecapafojht> nf cells, as ahq«ot of cell 
suspensions are centnfttged at 500 x g for 2 minutes and the supernatant %v<js 
removed Tfee pclkt ss rcsaspet^ded in IMDM to a fma! concentration of: >; 10' 
liable cdlsmtJ, Sobsei|uent1v. 2 and 5 x lO"* cells are added to 1 ml of 
MethoCult^* (Stem Cell Technologies, \'ajJCou\er. BCk nicthylceUulose culture 



VVO01/455(B PCm 590/4271? 

medium for cclh \ he- lUiXtM; - ..dr^\i:awM-^c w >b '^!D\! * Z^f^ feUf 
scmrn (Gibco, Ctaud N j. la \~S ' and pipeltct; -ruo 35 \ mni petrt 

d'rfh--^ (FalcijH, PivmoiUh, Tngland) The cuHures are tiicn pbccd ffs ii ni;s.led air 
' nouh iior ior 2 weeks and coiony formation v, as detenmned l^oiomes were 
5 scoxed for CFU-<jM, CFU-GEMM and BFU-E and the {oial number of colonjes<^ 
are counted. The total cokxny numbers lor a given seeding ileasity sre 
determined. The percentage colony r(SCOv«!ry is detetiiiined by dividiitg tlie total 
{itimbcr of colonies cotmted post freexe-thaw hy that ubtamed «t the pre-frtw-e 
pmdttct fer the same cell seeding detis«y> 

iO SmiUatiy, e^iperiments arc performed on pfe-free?e samples as <t direct 

control 'nKSC<5^si'i\i!penntt.tdv.Ter-:uriiUv>"<>; ;i h>Ki\\ .iMc cei; vn^id doiul 
% labU' Btmihcr of ceils pust iVee -e lh.i\\ dv. idea by uie toui nwnber of v u-ible 
■.cJb pso !Ece?e tha%». ). mc ceils expressing jnembrane mtc^ty, 8»d the 
proJitbrauve eapahihty of the cefis. 

\ 5 The fnsction of cells which expressed the CD 34 anttgeti m&y he 

detemimed for both the iVesh mi|jles and iroisen/tbawed celJs. Celis are summed 
with m antibody far CD 34 {Beckion Dickiiison, San Jose, CA) and au atitjhody 
for CD 45 (Dako Corporation, Caipintma, C A). The fractioitfsi of cells that are 
CD 34* was detmnijied lishig llow ^3<tometty: 

20 The invemioi^ v^-ill be further described by the foUowing example. 

v\ hole blood unus ^?>ppn>^<;r.a;cly 45«J nL v,tll- hepimn antitoagulitni 
25 were obt *r^ea tro^n he.iUhy Uonnr? i]ir'juj.h siandaal vei'sipuncTutc \ enipiijKtute 
wa-^ pt'tfonnt'd bv ihe -iUiff nf uu- {,njvcrs,it> of Mmtiesoia Ilospdai BK\>iJ Bank 
Donor C tmai. ^\ nn iTifu^ux! consent from aH donors. The entn-e umi of blood 
was c<ri{nfu-t.d at 45{}'(! g for 4 mmntes at room tempomture. A bulTy coat was 
prepared bj extractmg (and discardiag) the plasma, then collecting 
3t> approxymteiy ?0 mi horn the top of the pelieted celts. The butl>' coat 

diluted with an et|ua} volnmc of Dulheoro's Phosphate Buffered SaJinc (PBS) 
(Cek>x Laboratories lnc>< St Pattl, MN). 



wo 0i/45S63 FCr/l5S00/42719 
Monomscleai cells <M\C-' .;c ^o.alcu aom ihc .<imx>\cs mini; densuv 

*.\> , Si Luujs, MO} >vas addtfd to each of font 50 mi ccntufub?.' tuD<„s \ ml 
Ak^uox ofdilujcd buffy coai was carefuHy overlaid. The tubes \\c!e vv^ntpfiigea 
i ai 400 g ior 30 miiTOtes nt room temperatate. After discarding (he upper layer, 
the band of mononuclear teM& were coUwtctI by pipette, Cells were wasljed m\h 
100 ini Iscove's ModiFied Dulbccco^s Mcdiam (Siginu). 

Aliquots of tiie PBIs from a donor with mwcopoiyssccharidosis type 0 
1 0 { MPS 11 ), Aho kjjown as I iunter^s s>'ndrome. xverc thm ed \m6 re-suspended in 

wifn V 0 liSA, :0,rnHj anus <n~ne>uir iScl ^ Phanr.Koiit,e^! NYK^nd 
i >5ro\\ ubonuceafr i (OX Vsc, SiirnjL 'X*'^'. H'ilauvi oi in<.' wa^li p;o>oCjl, 
Uie c.ib utte .o^u^pcndcd m luHu>. uioo^um conlainmg AlM-V (Gtbco) 
15 ^supplemented \uih s^', fcf..' bu\ ^c^iiis. {UmM L-gliitammefGibco) and 
recombinant lTiicrki3km-2 (riL-2, R&D Systems, Minneapolis, iW), On the 
first day of ctiiture only, the cells were suppkmeated with DKT3 (Ortho 
Biotech, Rantaii, NJ) m a final concentration of 50 ngper 1 x 10' ticiis. Tim 
cells were precultmcd for 3 days in a Lifeeel! bag (Baxter Hcfalthcaie, DeerSeld, 
20 It) and then inoculated into the lumen space of a hollow fiber bioreactor CHFBR, 
CeiUiiax, Artificial Capillary Modnk for Lymphocytes, Celico, Gennaitlo%\^o. 
MD\ wiih d total lumen votwnie of 1 1 mi. 

After 24 honrs, thv cells, were tu-jn^duced witlj rsiUosaa: \ ^cu^r \ ?SN &u^{ 
xoot-i'nc i {bv.- cDNA cucuding hum.m i>Uimn<ilc-2-nuifvUase under die 
J,*; tuinv-nptu'.ui loutiviuon of the LTR and Uic T5,.^^i^^cMl phosphoTianslcKibc L-eu^ 
tcguLncd n\ thf <,tmian %jtus, 40 (S\ -^0^ early pi^.^moie; (Pau, i~W7) i tie cells 
V. ore ti\u)sduced ome p^^r da% tor the next lonr aays. After approximately 4 day^ 
< 'f c'llutre tri the fiFBR, iht ceils <,re harvested and inoculated into a HFBR 
\^ uh A total lumen \ohirpe of 60 tnl to permit further expan$Jon of the 
SO genetically modified I'BLs, llie cells were cultured for m additional 7 days in 
the large HFBR and then harvested, washed and admmistered as a pan of a 
clmsc^i gene therapy trial The total protocol including bag precnlture and 
culture m Uie nicdium and large HTOR lasted 15 days <Stroncek ei al„ 1999} 

W 
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Vdh m exctr^iS ot the v»>peciikt3 do&f iur ike ciitticai mal Hcro UiCO 'o the 
feliowiJig expenments. 

PBLs from nomuti uunars wmi. ai-itvaied usinix a Dritjf pcnoa of *,u vnv> 
S cukmrt; The PBLs obiaiued kom density gnnhetit separ«t{jct« were ri!,*s»sp<;Kde<3 
m AIM-V {GtlK?oUtade«5ityof 10 x lO*'cens/ralmatotal voiumeoflOt^mK 
1 he cuJttire msditjm was; st^pplcmentc^ with rhIL-2 at ^ concersiTation of 1 000 
lU/m! (Chiron) The cells %en? mcubaied for i 8 houni ai 3 7*C and 5% COj. 
r Qdiml culmres, %vere also maintained under the same coiidUions (cell dt;nstt> , 
1 0 AJ M-V ciiUure medium) without exogenous II -:i uMad to tlie cuitures 

liiOrebpt'ii-^co! tne\^ \v lo >o i urunt'd 

uhfouch a »t.'!rt,i, o! i-O's s ) V ' ' > - V. i ' s 'ii. MNt's. were 
cenfnfuged SOU \ }oi ]o > . s md 'ONUs,p.ndx;u iii a sdv,citid 

15 cv>-oprcscr\atinn solution The ihuU pre- i'rec/e cell concentration \%as specifk'a 
to be between 20-50 ,>i } 0'^ cells/rtrl MNCs wea* Sozea in 2 mi cryov lals (Nmu\ 
Napier^'iik, IL) or eryocyte-SO bags (working voiamef of 1 0 ml), A|proximately 
to m\ of ceM saspension was trat^i,t5sjted into a freezing bag (Cryocyte* Baxter* 
Romd Lake, IL) and sealed (Sebm Ttibe Sealer, Sebra, Tucson, A2). The Ijag 

20 was placed in a preisa and placed vetticaiiy m a contoUed rate frce/er (Plattar 
10'i6,KryoMed,UK). 

rite bags T^etv fmsen by cooling ths.* banip'n.- Uot i rounj leniperaiure to 
t>C &i 10"T/mmute The <?arap}es were then hcWi h^- 1 S oMUitCN to peratt 
eqinhbration llic vmplc; ^seu tijcn ^^joltd <u I'^C ntsnute di 

25 "i.} C mnmic to .tnu syiov^v-d to wsxm M 15% 'mirme '' Z-C tu uii.iijuj'^ 
seeding of tCK^ in Ihc e\lrdi.t,ilui?r .M-^lutton 'Uie sampkb ^\eu Uiv'n .ro/er .n tht 
stJecifi ed cix^lmy rate { 1 lo 1 O^'C'mmuk') to a leniperaiure of -60%'. then *it a rate 
of .l-T/mmute Scorn to -lOOX. After rcachitig -lOOX, tlie sai^ples were 
r«t)ovcd fmm the controlled rate freezer x^nd pjsced in a ht^aid nstyoaeu storage 

30 de\^ar«KlodelXLr-230,MVF,Bl<}OTnmgto«.!vfN) At*ftnntfofnogr«;aicrUia>t 
6 months vtith an average of approximasely 3 weeks, the cells wer^; removed 
#otii storage and thawed, Ths sample was placed in a 37' C water bath and 
genth agitated until all visible ice crx'Stais had disappeared The cells w&tQ 

M 
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dxkk\\ 'o the coli u.'^ps^ntijon to JfUito the cn'npje^cnaui*ii s-ijluujn 

AJdjttetuI iludies wete perUtrmeU <Jetcnsime tht- pu6.l-tha\\ vsab^hu ot 
fc3!- irovcrj m a fvcchamcal irt-e^w (-hirC) bof these studies, approximateh 10 
> ml of ccli suspension m iht; solution of interest dotted to s Oyo-Cyte 5i) bag 
(Baxter, Deertjeld, IL) Th« bag wss heat seakd (Sebra Tubtf Se^ikr. Tucson, 
j\Z) okceti in a bag press and mserted a mtful frame located ir .5 - St>C 
mechanical ft-eexer (Hants, Scimitk, Rochester, KYV The aietal frame 
piaced veirticaUy in tiie -SOT mechwical freem and suppoitea at ihv botioni by 
1 0 a stand made of styrofoam The fnme containmsi the bags and pre<->e5» was nat 

wjp't etil^afJCv: (iic repsoduc^bilus oi the tieeztng prolocos hoi specitsc 
i c <,pertniem:j, the b&g press v^ot, sjisiUvUed to rtiduce the coohng rate of the sample 
in ihe bag Hags coTJtajsmg tiie ciyopreservation solution of interest (fotitt nu 
cells) were mstrumefited ^ith thwnocouples, The tempesratufe; ^ ^ function of 
time ibr each sample was recorded a»d atiaiyzed after complelton of die tVee/mg 
process. The cooh'ng rates that could be obiame4usmg umtisuiaied atid insulated 
:!0 bags was approximately i ,4, 3 S atid 6 3*C'mmute This range of coola^ rates 
was comparable to tliose tested asmgthe comroUed rate fhiszer 

Immediately post-iha\\, theviabthtv oMhccd nn^^i usuig 

tluuu->ceut dvt's ( \cndtm* x^m'^gv" !, (.Mopscnnij Kviru M ) V\) 
25 \ppK) Minat^h ^ u) of coll $uvpcnssuu dduJcd w itb s>5 u) oi IMDM Fqurd 
'ii^^'i' ^ ^ i-r i^i^nd AOPtsohm>m(Ssgnt<i)vsere.i^ldeciandthe 
!.ampio If p\»<,<:d on .h^ f'emoe>lonunei md counted usmg fiuorescejit 
.iucruscup> (7t'i-.s. ^ '^^amples that fluoresced ^en were considered viabk uhik 
tbo?e celis ih^it ttcie jed't^range v^crs.^ constdcred nonviable By detcmiintng the 
total ttumber of Ci,l1s %\ jtUm a gn an region of the hetnocytometer gnd, the wial 
iiuiTiber ofccllj; tdead atid aLve) was detemitned. 

The viabOity of the fjo^en-thawed cdls x^as also detemmied 48 horns 
posi-thaw, Pre\ iotis smdi-ss osmg frei.b?y ist^latod ceils from a donor with MPS 



.bif the po-.i Mav\ viabihiv oi iht ecu's wab d\ -aDimuiri 't 4>^ 'loris p Hi-thdw 
^SlujnKau l^^'^^'^t Ihuh. tnc \ ijbilitj measured at 4S houtts posi-rhaw j<s tho 
raimmum viahiiiiy expeciai I he post-mau culajtres w er? pcf tomied by taking 
5 ippjoxjmateiy SxUf cells from the cell suspension aR<3 pcUetmg the cdls at 
SOO X g for i mmute The supernatant wn& i^moved and rqjkced with 1 nil of 
culture medium consisting of RPMt ltt40 (Gibco) supplemented with S% fetal 
bovine scnmi (Gibcn > and 20 aiM 2'ttierc3pto-eth:fi«o1 (pME) Aliquots of 200 
ui wert' transtonevi tnniH ait< weils of a Oo-weil tmue ouhure plate (Coistar 
10 Corp , Cambnvkc. M \) dxdl incubated iU ?7«C and «;"o CO, <\t>eT 48 hrmr-^, the 
pbtes %-sereremove<.M!iirii I'v it ^ baoi n Kpti Ui o '.^ir^' ,- 

p^pcttc and the \ ishiht,-, and toul s ^ei'' i << f u it iivkR^o/o'^jacr 

Siatist'i, ii drul>s3s ihij dctta was pt'ifoftuiid usmii isut\ \lw softv^oic 
H (S Sn$faitte, Car/, NC) Vuhiht> saad ceil recovtsry were" aiiaJy/^d u&mg 
tinpaired t-test. 

The developTnetit of a cryopresrmtsoa protocol Ibr lymphocytes m 
2Q solaUoi^ containing AO requires ilie determtT^tion of solution composition and 
coolui}! rate for these ctlh The intliience of comc*ositiun ch«t>:;es th^ nofat- 
thas^ -SKihiltlv of Kinpiioc^xk-s using dt*lcrt"« \G-h. o ^ i iOi^ 

•^oluTiittib O able I) was dcUi'T!siii.d f he ivnuiutin.-! < <n ' n-- ^' Vvi ^^<3^ 
doff imitjcd b\ :>ut!tjrs, ^\uh a "^ululhM ^(t ♦'!"" ,k a vCidj m i\!t'>M tod 
25 vanm^ the t ojKcilrata^n adtr?ieh«cd wa:s ubtamtjd Srorr L diex ( orf3 
St Pam Iht' ^.uolm^ rate h>i these cxpcnments was ki^pt consm j. 

(S'^C nnnutc), Tl)c overall recovery, defined as the number of Mablw ceils 4^ 
hours posi-lhaw divided by the n«i«bet of viable celh tnitiaily a function of 
\G concentration, wjts detennuied (Fjgurc 1). These reisuits indicate thai foi thv 
1{) coohng rate: and giveeroi composition tested, 1 5% '\G wai> the concentration 
associated with biglicst sarvt\ al for the solution compostUions tested 1 he 
difference m overall recovery betxseen 10, 15, and 20 w s% AO were marginanv 
staustJcaUv stgmficant t|i= 0 O'KU ) TUs coitiposujon aiso permitted 
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1 huis, fjo«3 both a solution pffjcc^^brng aod past-thaw piocessmg stai?dp»nnu thi>. 
concentrannn of AG fdvotabie 
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Tht cryoproiectne heuci ol p<o h % \ m the 

2t cjyoptcscnatisn ol bcnatiipuivU i'- ' v<.k»* ! ladttioiuiiis 
^utolosiou-. ^cumi or Hb Isds n >.!. ' ^ m .--soi saTior. ^ siuuouxS tof 

Vi\r> mampulation of c«ln«cil ijggaeucaHy inodifjed (.ells \h}rcQ\ ci, 'nitoiogous 
scrum nia> not be appioprntt for u&e hi cryopre$erv$Uon of a cdlular tiierapy 

30 for certain diseases, or due to the preseaice of residual drags, Altiiougb HS A is 
the most frequently used source of proi<;(ft m cfy&pre&etYation soladojis wben 
atuoiog<.->us scTutn is uot avaiiabk- (Rowley. 1992), this source of protem ts 
relatively expet^sjve aad inay represent a potential source for the traasmtssion of 
dtscase agents as U is mdmifacturcd from pooled sources 

3^ 'o ac cjrunL i"!. 'n>i ^ - c p.o it!a'n>« oi HSAm a er>opreser\auon 

udR d U ) 25^* \G w ith oi Jtiioat 1 H& A, and (2 ) 2 <. '^G and 1 " « 



\\ O 0 H f CT/US0«/4?7i9 

givct: oi v\!lri Oi ^^ 3tl-0u? 1 ' , H'^ ^ tor a coyhim t^te \>f 3 T'Tnsnute, ceil 
rccoverv <5S a navhoii a ^.v",' * l <n was delcmuucO fof iHe t^^ <> soJbociis 
of nix I e^t ( f igtirc 2 ) 1 he differvncc m overall tccoverv mih and \\ iJiwut H^> \ 
^^ «a iU^f-^l.caliv J-sgmfiCdiit fot hfrth 0% givccr^*! (p 0 4Sv1 J ji and \% 
> giyccrot {p -0 91JCi j 1 Uesv tsmlis mdicdit? tliat solution^ comaumg AG do nut 

As indicated pievjot^sly, there i$ consulerabie «Uere:>i uj iymphocvtes for 
h«mati ^icrapetitic puqjoses Prsnr iotis ^mdics have ^sed a tissue cukim; 
meditirti, IMDM, as the base for a ctyopttsemtson 5solui5on. Other studies hast- 

} 0 showi> that fe-ilanced ckcut^lvt j -«u!utj« »ns romnfclv for huiiian ittJftision cai^t 
be "^^das a base toi cswjp <- j < ^ ' /h) 1p compare the 

posT-du'-^ 'vjdbntu ior^ojuivf ^vi! M ^Xi . ^ \<- an{>-,»-.!-R"f^' a 

<;o!uuor <.ppjoved ior hum.m u\tm\Oi >^t PBl n. ^^BL^ u ^rc fcsu-.n.-'tHikd m -x 
xol uKMi coruamme - ^ • t^Kct-io! t 1 ) v^k'-',, \0 .mc )MD\^ \urmosol- 

15 S^''' a si,. h-t<!L' oi {he CEXopreservdiion ^iOtiitiOP and frozen Tnect«l recover^' 
for f>c *>-?lutjoiis. usmg Jht iwo diileicnt bases w^SfSljgl«i> highet torsoKufoi^ 
cont.^inu)g Nomjosol-R'f« <Ftg«re 3), The differeuces m \ mbihty wm? 
detetntined to be statisUcally diffkn^t (^^==0.0665). These results tndtcate that 
usmg Mormosol-R"^* resuhs m higher post-thaw viabjhties 

3«J h\ mmy hospitals or cimscs, comnsUed-rate tecszen* are tiot available. 

Cells afet>T?icaUy ctyopresert'ed m mecbamcal frecxefs (-SOX) asmg 
uncunfojlid canWm The eoohng rates m a mechaiuca! iree/ci 3{ -SOT are 
cotrpa:able to those ust d m prex iot^s comrDlled rate exneriinctr.^ i j - 
" C ifuriufci ' ioo'i'ig raic aihi5.ved ioi ' 0 sample ^. T'-i.oostc h<>^ 
cv-»TUaiTicd in th- u <. < p-t. ravkm<j system descnhed above %td^ appjoximatei) 
O'^t. mmiiu i ^, 1' AVfsof msitlaticjti vvere added, eoohng rates ot 4 ajjd 
I'^Omjnutecouici ise obiamed. 

PHL^ fv'saspe laod m i -uiuUon uomatMn^^ \ 'v% glycettsi 15 wh% 
\G ^ Nojmosol-R f \^CR im^en m a -8()<^C mectiSi^JCal fi-eezei. The samples 
wer?. fttJ^en m iuimsai ited or iighilv uisviiatcd bags to achieve a range oi cooiitig 
mc^ comparable to tfjat mdicd m tia controlled me freezing studses For 
eompdin&on, cells wet e ai$o froren m 10 v'v^o Mc^SOsoluhon Hie pos,ttha%'t 
cell recmers^ of cclis fbm>n at approxnisatcly 4''Cnismue i 100 :24%) 

m 
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c.'mparuhSc Jo Kut oh^camd i.- . ' o - o.ulK^n m a conirolkd-ratt roe/or 
,ii fooling fate nt <: t /n^uuut ^ p = () 702) Ffavsrii, o: the PBL^ s. 

aiwj^ici cooUni: rate ! o'^C minute) rtdutx-s tht- < cU lecoM'sy obsct\ed 
stgrijficaml> u * > ! f'<*^le The ccii iocovcn- tisuig Ac AG-baae*i 
5 cn-opresen aiiom solution v, as compaiabk to that ob&erved when the ceJis were 
crs'opreism'eti in JO V''v% Me^SO solulioii in a mechaiiicja ftx^2a- (p - 0 941), 
These results mdicats that the solutiom can betjscd m mcchankal and 



i 0 r^ble 2; Cell recovery for PBLs trom wrmal dojsors cryopfsserved i« a 

mechanical j5-^xtir at -8fPC as^ng diffefent solmion coir^ositions and effective 
coohng rates; 







Cell recover^' 








? -v \% glycerol >- 1 5 w'\% AG + Nonnosol-R 
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3 v,\% gSyeercji ~ 1 5 \v , \ % AG + Nomioisol-R 
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fabig 1 ( el! recovery lo^ X'oi . ul' ir.>. of PBLs or activated PBLs 
cnnpresened u^tng t^vo different protncob 



Activatefi Calis Cunuo 



B 

^^^-^J-^itic^f t mmuk'} Cell Rc\ovcf> <'\>) Ceil RL\o^e!:^ i » 

15 AG f 5 - 9 in -3} o2 O (n ^) 

:g]yces:«l * Normosoi-R ' ^ 

10 v/v% Me,SO * ]MD\t 1 UU a; (» ^12) ^- 33 (n '^i:) 

PBLs cultured ^ Ithout exogenoos IL-l for the ssine pmod of tinie tl>e 
activated cells< 



V%*> 01 ,'45505 



donor wnh MPS Ji anU tfoslily iSoJaltd cells fom tiom.at <Jo«or. 



Patjems wiUi Normal Donors 

_^ MPS II 

B 

Soianon t^C-'tnmute) Cell Recover> (%) Cel! Recoveiy {%) 

1 \\ .'vl H <\t"; - 1 v<V% 5 62.2 i 6.3 S0,8 * 15 7 

glycerol * MDM 

10%DMSO 1 5L7A32J 41^^ 
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immunothempy protocols in ^ievelopmem and cKnica! u«e msy lequirf 
shon-tcmi culture of the ceiis for acrjvatiotj or other nxxiUKatfons To test the 
teexittg response of tbelyrapbocNtes atkr <;hori-torei ^<^o caUurt% nvo 
i 5 different protocols nere tested- 0 v v% |vk\SO > f NJDiM vsitn ,i coohj\, r^iC 
of I m:nmc. .md{3} H ^\ v , U - - v j'S.cw! - Noniio'=;ol K'''^*^^^lh„ 
v.-oohnj', tdtc oi C inriiitc ^^IN '-hh me i-<mK-* J-moi v\cr<.' dtvided mto two 
diikrnU v,l3u«ou TiK- C(^IN ;-^nn "t^. ahquo* x%.-ic cnhused m the same 
media Without the ptescnce ol' exogenous U.-2, Tlie second aliquot wa^i 

20 activated xjsmg the protocol describe<J previously. At\er 1 8 hottis of et \'ivo 
cultures, both saiiiples were rcstjspended in the ctyoprescrvaiiott solution of 
mtee:it and frozea. Ihe ce« recovery- {wm ihese sampks is suratnariasd ia 
Table 3. These results aidicaie tto is tio siatisticaliy sigjitScam differtjnce 
ju the post-thaw viabilit>' of tlie caltuied ctflis m<\ activate cells, hi contTBs;t» tf 

21 PBLs @Pt cryopreservea freely isoMed or cidtm-ed foi tk^a days using the 
protocol described previously, the postthaw viabiihy of the cells hereases for 
both o f the protocols ov aluated f iigure 5) . 

Heccni -5tudit.s ^uggcsi thai « > wv^ culluio ot ht-muioposi-ih- celis 
'onuctKt> thfir ability to \Mth!itand freive-tUan siass^^^ ( Tuhei \'>^'-'>) 
OcneticaUv nodiili'd Cvlh from donojs \Ht\h MPS 11 ^^cr^ cr^.opsc^cAcil uv.n^ 
>.okuu>tis ^esci 'b<id ubov e wUh cells froiti iioniial donors I he os eiall recov cr> 
of genetically modiSed cells from a donor wjth MPS 0 was less d>an that 
observed tor freshh isolated cdls tkvi« a normal donor (Table 4), tn order to 

31 



ningj'^S between 1 and H^'Gnunuk- The posiUuw cell tecoscrsc:* observed 
Lf^jng ihi' range of cnofmg lates siudbd v^ere no greater ihan thai omcrvea at 
5 5 CiDinutc. Increasmg the concentraiioo of giyccrol shghtly to 5 v v% 
increased postlhaw cdi recovety observed <?? 43%). 




1 y All iTE'cziftg studies are perfom^ed tj-Nj'ng utTiHjjtc^jl cord blood obtaiited 

IfomtiornuUiKmorv ^ . ,i , ' . J -Tomthelocal 

Insttiutiotsa) Rtufw Ko.'^> OiJ^i U' o\^^'ii\n uatu^g crythracN^cs as 
V el! a? ;*i3!(-.logouN pSasrw (ton fhe -.^mple to he fM.vn, tiv pioduu nut died 
aiiug <i acnsj> gradient ^ep^LMtJor^ techj^quc BiicHy. 5 ml oS ih.slop^qao 

1 5 {Signw, Si. Luuf^, NtO) was suided to a i 5 ml coijkal lube. T he product was 
diluted m a L5 ratio wiih phosphate bufTered saline solution and layered ovci the 
Histopaqve. The tab<?s comatmng tbe aphere^is product and Histopaque wett 
spun at 500 g tor 30-45 miiitttes. The band of t»oootiuc!ear ceUsi at ihe liqtjid- 
isqutd interface was rmiovcd and used for the subse<jt«;Bt iT«e^ing «»spetime«ts 

20 atler one stjqj wasb . The resulting mononuclear cells we*e ma&peuded in *he 
a>'opreservation solution of int^*5t and placed m either a freemg vial 
{Cryovial, Nuac, Napimillt;. tli or a bag ^Ci-yo-CMc, Baxter. Rciind f.aka ID 
10 a &iai cell concenrnitioii of appro \imatel> 20 \ 10 ^' cel1s/ml trange 20 to 5fl \ 
lO^ceUs/rnO. 

I soli f ion^ > . u . s \ ' >\- ■^^^■nv\^mct)w<i \vtt]i AG. bumau 
stfiuiii aibumr. ana si'^cci S in sjnous i.o Kcuimtions 

Atte: compjeuoa of tht {Vt*o/j5>g prooesv ail samples were removed irom 
30 ilif- v-ontn akd ntte frctv.ei and placed m a hqmd iutrogen storage devv^r (Model 
XlC-230, MVE. Bloomington. MS) At a tuue of no ^eater than 4 months 

an average of approximately 2 weeks, the ceils \\er& removed irom storage 
and thawed. The iha\%>ng of the sample %vas performed b> plaentg the sample jn 

2S' 



^ C ^Viier ha*h imtil alU - I o iiN.'ppxait<d LicJuwuv:: 

!{U?,'nded lo nunmis/c r<.cmta!a?ai}Oii ui osmotic mmty cxp<,ncnccd dunny ihv? 
ru^ ^ drrj i fu phase of tbe protijcol 



A xanefv of w iwyj vmbtijty assays was performed m otxler {q as«.es,s tht: 
%'(abjlity and percen^ge recovery «f stem ceiis AfW co«iple«on of the ihawing 
piotocols, fee (To?en-tha%^ea sampJe was mixed u§mg a synuge to et^ure even 
distribute of celis, Aiiqiiots tex>m the ihavved sample Wi-e jfemoved aiid used 
1 0 w detetniine (I'i membiane mtegniv of the cells using Ouore^cent maiken, 
Acndme Orange (AO) and Pmpuhum iodiuo (PI (2i i< >i il ^eJj uY^n-s ui^uig a 
lu-mucywineiei ; <3) proljiVj atn e cap^^bslttv of Cv lis in 4 n^ratvK vnuJose . ultuie 
Bnet1>. m order to dctemnnt,' nsctnbratie tmegnty usirjg AD'Pt, 5 ui xvf 

H i.u^pcns or .nid -U)^' ^ ^ -"n^ \i( nddus and the 

■sample was pLjLtd o ,^ ^ o' Kte- and counted j sirg iluote&cem 
m3CiOs.cop> f/eis-s A\,oskop X i ^ir->! .'h) Cells, that fluoresced gr^i^n were 
constdertd v mbk \\ Ink thot,c ceib m ere retyorange weie <;otisiidered dead By 
deti^mii^ing Oie total tiuitiber of cslis mihitx a given region oMic 

20 hemocytomelfia-, it is possible to dctmnine the cell concontratton which when 
muitipbed by tbe total vohmie results m the total cell tivimb&s: m the sample- 

In order to detennme proliferative capability of the cells an ahquot efihe 
sample v>.^^is *!ptja ai 500 g thr 2 romutei* atud the supenwtatu remo\ ct The peUei 
was re^uspendtd m UfDM to » final concentration o' 2 v 1 Muhlj celk mi 

25 Sub'sec]uj;Eia\ 2 ! 000 and 50,oOO ccUs ^^cf!; adticd 'o od id McdioC uh iSfem 
Cein echnolo^,.eh. ^ , ■ . ,^ ^. cuUvs'-c uiedjK.ii fot seem 

cells rhej^ji\rirt'\sj.^upp . -K- v Ail)\3 o ^c^d { ds ^eI1J^i 

(I'ak'. 1 r>3vtoout'i i n^hn h 11k Hares vssjte then plact'd in ^ mist^.d air 
ncu'-olo! for 2 veJ - iMd ..,0! •> MtnaUon dcrcn«mt„d Coifj ol^s --^e c 
.,coi-ed for C ) I ^oKf, t F I -GEMM <iiu1 Bl- U-E Fhe total number of colonies 

aho coimted For ease of tiata represemattoi}. the total colony outnbets tor a 
given seeding deiisus v^as a^'ternaned >% simdar set ot colotvy assays was- 
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penbmK^d on the pit. rrv.^^;-\= xanp c « diK-c; CDuriol Tntj perccmai^ uiloiw 
fccovcs-s v-vas dcTonuHieii by uu'jUin^ the total iiuniber of oolontct- cuantcc^ post 
lfCL/e-tha\v b) thM abiain<Jti m iht pre Ueei't; product for the sam<.- ccU seeding 
oei u- ft \ Fhcsc asfsay^ ptrrmiftsid the lictcmiinatton of the total vtabie ceil > leld 
5 (tutai % jable number of ceils post 6:eeze-thaw dhided by the total aamber of 
ceHj, pre freeze-ihaw), the cells expressing m«mbraije integrity and the 
proliferative capability of the cells. 

The results shown in Tsbk 5 indjeate that hematopoietic progmiior cells 
1 0 can he effectively cryoprescn-ed jn soHttion& coni<«nmy: AG. 
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SMIM IS CLAIMED IS: 



( A cryopreservalion modnxm for htanatopoitHiC ceils cottiprisiag a 
balanced eiecirolyie sofutian mcorporatmg at least one ctyopmtective ageal Uiat 
is arabinogaJactan^ or a biological or fuacrionai eqiiiyakm thereof, wherein ihe 
5 cr>'oproiecnve agent is ptssmx m aii amount that resmits in a high svimvaf rale 
for the cells. 

2, The cryopreservation medium of ctaiin i wi^ere^rt the cells peripiieral 

blood J>'Tirp|-ioc>te&. 

3 T he oi'VL'pit.-ifrv.iDun muoiituii ofclaim I that compnses arabinogalactan, 

4, The cryopreservation med):UJii ofcjajnj i tuniier compnssng 3 
(iryoprotective age«t ih^ penetrates the cell tnenabrane. 

5, The ctycp-es^rvation medittm of ckim 4 whereiB the cjyoprotsctive 
agertt that pettetrates tJie eel! Jtiaubraaie is glycerol or propyi«aie gJ>«ol- 

6. The cryopn;servatio« tiiedjum ofdajin 1 further comprising a 

20 cryojsrotcctive ageat other than arabinogaisctan or a biological or funciioaal 
equlvaletit thereof which does tiot pmelrate the cell membratte. 

7. The cryopreservatioo tnediua) of claim 1 which does mi coi^iprlse 

proiem, 

-S. The cryoprej;en-ation tiu-duurj of cUim 1 which is infusible, 

-) The cryoprexervaJion mahuns of claim i wbjch doe$ not comprise 
tliinsthyisulfcxide, 

M 

1 0. The cryopros«svat5on ujediiim of ckmi 1 which does ttot comprise serum. 



1 2 1 he CO uort.»t ' \ vjtion n3<ai}tKn 'C*^^ claim I vvTit'ient the cells, are non- 
5 hiitMan vejtebiate cells. 

) 3. The cryopresefvauon medium of claim 1 wherevn the hematopoietic ceils 
are freshly isolated lymphocvles, siein cells, activated iymphocvles, getiedcaHy 
modified lymphocytes^ or a combinatitm thereof. 

m 

14. A composition, suitable for admmistuiuojs lo a hurna^K LompnsJiig u 
sjuspeiiijion f)f bematonoietic cdls in a cryopa'pyrvaiio'i Hficdsmn coinpn&itjg a 
baLmccd ekctro!} ts soKuion uKorpojaua^' al leost imv 4.{>opro islets ve age«t that 
I? arah-nogaiacian, oj a btaloi^sca' or ncssoaal (.quuvakiit tiieseuf 

15 

\ 5 A cornposiitof> compnsmg a suspens-sorj of hematopoietic cells in a 
cryopr{?sm ation mediuiii compnsjng a baiaj^ced electrolyte sohUica? 
incorpomm^ at least one ciyopmtective agent that iS asrabiaogaiactan, or a 
Isiologicai or Jaietioml fii^aiv^est tM 

at 

16. Thtf composition of claim Hot 15 wfeerein the cetis are peripheral blood 
Jytiiphoeytes; 

1 *' The <.x*nipo<;tuoEt of oiaiiit 1 4 or i 5 wherein at least one of the 

25 cr>'Opfo:<.cu% t: .igent ^ si, a^unnoj-'alactan 

IS The composjtiv-trt ol cUim i4 or !5 imtkti cosrjprising a crv-oprotectivc 
agem that penetrates the cell membraise 

30 ! 9 FK<.- composition f»f claim 18 wherein tiie cr>-uprotectj%<r agetit that 
pcnetfatoi, the cell membrane is glycerol or propyteae glycol. 
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■ivi £U oUxc Uuui JuibmugiLicUij or a Snislojiical or functional cqmvalem thereof 
\\ hK'h vices piuctnUs the cdl membrane, 

5 21, The composition of claim 1 4 or i 5 which does floi comprise protem. 

22 . The- composfdon of elaitri i4 or IS which is infusible 

23. The composUion of ciaiia 14 or 1 5 which does not comprise 

24. i he oomponuorj; of cusri s -i or 1 5 vv h<jrt;T; she olII;? ase inmuiit t < Os. 

25. 'i he coi-npositioil ot chun 14 or 15 vvhcrcm the hem&topoisuc cdlfc are 
i 5 isolAtea Kinphoc vte<:, stem ceHs, activated |>iriphDcytcSx genetically modified 

lymphocytes,, oi a combination tiiereoF, 

26. A tnethod for preserving hsmatopoieiic cells composing: 

(a) ccaitactiag the ttlh with a crj'opreservaUoii tttediuaj cotnpming a 
20 balanced electrolyte solution sxid at least one cryoprotective &gmt 

that is mbinogabciaa, or a bioiogical or functional equivalent 
&mm^i to yield a cell suspetisioti ; and 
i b J ireezing the cell suspension ro yield a frozea ccU suspension. 

25 27 The method of clairo 26 furiiicr compnsiflg thav, mg the; ("tOiseiJ cell 
su^easion Uttdercondihons that maiittaiii cell viabiliiy, 

3S, The method of claim 2§ wh«rein the cells are hvmm cells. 

3- 2'- the mcUwd ol claim 26 wherein the cells are freshly isolated 
hTOphoc>tcs. sfeni cells, activated lymphocytes, geaetically nioditled 
lynjphocytes, or a combination thereof. 
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30, T he msjihod of dmm 2{> whercm the cclis are peripuerai blood 



31, A kazm conjposmon compnsmg i) a balanced atecttt>lyte solution, h) a{ 
5 least one cryoprotectn-e ageftt timt is arabinogalactan, or a Mological or 

functioaal equivalent thefeof^ and in) hemsiopokik cells, 

32, A iTo/.en hematopoietic c«!i<ontaimng consposition made according lo 
the mdliod of claim 

W 

33, The cij-opresen aiion medjun? of dam-. 5 whcmn the ctyoproteciive 
agent that penefrats-v tht- cell roembrani.' i,s gK'ceroi 

34, The cryoproson ation nicdium of claim 33 ^heretrj the concentration of 
15 glyceiol m about 1% fe) aboiJt 3 %> 
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